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ABSTRACT 

The  training  manual  is  designed  as  a  self  study  text 
for  use  by  Navy  and  Naval  Reserve  personnel  preparing  to  meet  the 
professional  qualifications  for  advancement  to  Petty  Officsr  Third 
Class  and  Petty  Officer  Second  Class  in  the  rating  of  Aviation^ 
Support  Equipment   (ASE)  Technician  E   (Electrical) .  The  first  chapter 
provides  information  on  the  enlisted  rating  structure^  the  ASE 
rating,  and  requirements  and  procedures  for  advancement  and  includes 
references  that  will  help  in  advancement  and  in  the  performance  of 
ASE  duties.  Chapters  2  through  16  consist  of  materials  on: 
maintenance  forms  and  records;  publications;  elementary  physics; 
tools  and  materials;  drawings,  diagrams,  and  identification  markings; 
ground  support  equipment;  servicing  and  maintenance;  test  equipment; 
automotive  electrical  systems;  automotive  accessories;  power 
generating  equipment;  power  generating  systems;  gas  turbine  engines; 
air  conditioning  systems;  and  corrosion  prevention  and  control.  The 
document  is  illustrated  throughout  with  numerous  photographs  and 
diagrams.  Two  appendixes  cover  electrica4> formulas  and  electrical  and 
electronic  symbols  and  are  followed  by  a  subject  index. 
(Author/BP) 
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PREFACE 


This  Rate  rraimng  Manual  is  one  of  a  series  of  training  manuals  prepared 
ior  enlisted  personnel  of  the  Navy  and  Naval  Reserve  who  are  studying  for 
udvancement  in  the  Aviation  Support  Hquipment  Technician  rating.  As 
UKlicated  by  tl'e  title  the  manual  is  based  on  t,he  professional  qualifications 
tonthe  rates  ASh3  and  ASh:  as  set  forth  in  the  Manual  of  Qualifications  for 
Advancement..  NavPers  \HObH  (Series). 

Combined  with  the  necessary  practical  experience,  the  completion  of  this 
manual  will  greatly  assist  personnel  in  preparing  for  advancement  to  ASE3 
and  ASh...  This  manual  should  also  be  valuable  as  u  review  source  for  the 
more  senior  rates. 

pJ.^l'ni"'?  """""'/^^  P^^-P^^^d  by  the  Naval  Education  and  Training 
Proj-ram  Development  Center,  Pensacola,  Florida,  .for  the  Chief  of  Naval 
tducation  and  Training.  Technical  review  of  the  manuscript  was  provided 
bypersonnel  of  the  AviationSupport  Equipment  Technician  School,  NATTC, 
NAS  Memphis,  Millington,  Tennessee,  atid  the  Naval  Aviation  Integrated 
Logistic  Support  Center,  P.ituxent  River,  .Maryland.  Technical  assistance 
was  also  provided  by  the  Naval  Air  Systems  Command. 
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THE  UNITED  STATES  NAVY 

GUARDIAN  OF  OUR  COUNTRY 

The  United  States  Navy  is  responsible  for  maintaining  control  of  the  sea 
and  IS  a  ready  force  on  watch  at  home  and  overseas,  capable  of  strong 
action  to  preserve  the  peace  or  of  instant  offensive  action  to  win  in  war. 

It  IS  upon  the  maintenance  of  this  control  that  our  country's  glorious 
future  depends,  the  United  States  Navy  exists  to  make  it  so. 

WE  SERVE  WITH  HONOR 

Tradition,  valor,  and  victory  are  the  Navy's  heritage  from  the  past.  To 
these  may  be  added  dedication,  discipline,  and  vigilance  as  the  watchwords 
of  the  present  and  the  future. 

At  home  or  on  distant  stations  we  serv^with  pride,  confident  m  the  respect 
of  our  country.^  our  shipmates,  and  our  families. 

Our  responsibilities  sober  us.  our  adversities  strengthen  us. 

Service  to  God  and  Country  is  our  special  privilege.  We  serve  with  honor, 

THE  FUTURE  OF  THE  NAVY 

The  Navy  will  always  employ  new  weapons,  new  techniques,  and 
greater  power  to  protect  and  defend  the  United  States  on  the  sea,  under, 
the  sea,  and  in  the  air. 

Now  and  m  the  future.,  control  of  the  sea  gives  the  United  States  her 
greatest  advantage  for  the  maintenance  of  peace  and  for  victory  in  war. 

Mobility,  surprise,  dispersal.,  and  offensive  power  are  the  keynotes  of 
the  new  Navy  The  roots  of  the  Navy  lie  in  a  strong  belief  ir^  the 
future,  in  continued  dedication  to  our  tasks,  and  m  reflection  on  our 
heritage  from  the  past. 

Never  have  our  opportunities  and  our  responsibilities  been  greater., 
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CHAPTER  1 

AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  RATING 


This  training  manual  is  designed  as  a  self 
study  text  for  use  by  those  personnel  of  the 
Navy  and  Naval  Reserve  who  are  preparing  to 
meet  the  professional  (technical)  qualifications 
for  advancement  to  Petty  Officer  Third  Class 
and  Petty  Officer  Second  Class  in  the  rating  of 
Aviation  Support  Equipment  Technician  E 
(Electrical).:  Minimum  professional  qualifications 
for  advancement  in  all  ratings  are  listed  in  the 
Manual  of  Qualifications  for  Advancement, 
NavPers  18068  (Series).  The  qualifications  list 
which  was  used  as  a  guide  in  the  preparation  of 
this  manual  was  current  as  of  the  August  1972 
revision.  Therefore,  changes  in  the  qualifications 
occurring  after  the  1972  revision  may  not  be 
reflected  in  the  information  presented  here. 

This  manual  does  not  contain  coverage  on  all 
"quals'^iisted  in  the  '^Quals"  Manual.  Some  of 
___tbe  **quals"  listed  are  wholly  or  partially  covered 
by  the  following  basic  Rate  Training  Manuals: 

Basic  Electricity,  NavPers  I00X6-B.  chapters 
1-5,  7-19,  20,  and  appendi;<es  3  and  4, 

Basic  Electronics,  Vol.  K  NavPers  I0087<\ 
chapters  4,  5,  7,  and  8. 

Tools  and  Their  Uses,  jKavPers  100S5;B,  all 
chapters.  ( 

Blueprint  Reading  an(!k5k^1iing,  NavPers 
10077-C,  chapters  1-5. 

Basic  Machines,  NavPers  1 0624-A,  chapters 
1-12. 

Military  Requirements  for  PO  3  &  2  NavPers 
10056-C.  chapter  14. 

It  is  important  that  personnel  studying  for 
advancement  b^»  familiar  with  the  content  of 
these  chapters:  advancement  examinations  will 
be  based  on  this  material  as  well  as  the  material 
covered  in  this  Rate  T*-aining  Manual. 

This  chapter  provides  information  on  the 
enlisted  rating  structure,  the  ASH  rating,  require- 
ments and  procedures  for  advancement,  and 
references  that  will  help  you  in  working  toward 


advancement  and  in  performing  your  duties  as 
an  ASH,  Also  included  is  infonnation  on  how  to 
make  the  best  use  of  Rate  Training  Manuals.  It  is 
therefore  strongly  recommended  that  you  study 
this  chapter  carefully  before  beginning  intensive 
study  of  the  remainder  of  the  manual. 


ENLISTED  RATING  STRUCTURE 

The  preseru  enlisted  rating  structure  consists 
of  general  ratings  ;ind  service  ratings. 

General  ratings  identify  broad  occupational 
fields  of  related  duties  and  functions  and  may  ue 
held  by  both  Regular  Navy  and  Naval  Reserve 
personnel.  This  type  rating  provides  the  primary 
means  of  identifying  billet  requirements  and 
personnel  qualifications:  it  is  established  or 
disestablished  by  the  Secretary  of  the  Navy,  and 
is  provided  a  distinctive  rating  badge. 

Service  ratings  identify  subdivisions  or  special- 
ties, within  a  general  rating  which  require  related 
patterns  of  aptitudes  and  qualifications  and 
which  provide  paths  of  advancement  for  career 
development.,  (Not  all  general  ratings  have  ser- 
vice ratings- only  some  of  them.)  Service  rat- 
ings may  also  be  held  by  both  Regular  Navy  and 
Naval  Reserve  personnel  and  can  exist  at  any 
petty  office^  level;  however,  they  are  most 
common  at  the  P03  and  P02  levels. 

NOTE:  The  term  ''rate  '  identifies  personnel 
occupationally  by  pay  grade;  '^rating"  refers  to 
the  occupational  field. 


AVIATION  SUPPORT  EQUIPMENT 
TECHNICIAN  (AS)  RATING 

The  AS  rating  is  divided  into  three  service 
ratings  at  pay  grades  h-4  and  I:-5.  The  service 
ratings  are  ASK  (Electrical),  ASH  (Hydraulics 
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ami  Structures),  jikI  ASM  (Mechanical.).  The 
general  rating,.  AS.  applies  at  pay  grades  1  -0 
through  H-^>. 

Figure  l-l  illustrates  all  pallis  of  actvaneenieiit 
for  an  Airman  Recruit  to  Master  Chief  Aviation 
Support  hquipnient  Technician,^  Chjef  Warrant 
Officer  (W-4).  and  to  Limited  Duty  Officer. 
Shaded  areas  indicate  career  stages  where  quali- 
fied enlisted  personnel  may  advance  to  Warrant 
Officer  (W-l).  and  where  selected  Warrant  Offi- 
cers may  advance  to  Limited  Duty  Officer 
Personnel  in  enlisted  rates  and  warrant  ranks  not 
in  shaded  areas  may  advance  only  as  indicated 
by  the  arrow**. 
I       Aviation  Support  lu|uipnient  Technicians  L 
serx'iee,  test,  and  perform  organizational  and 
intermediate  level  maintenance  and  repair  of 
automotive  electrical  systems  in  mobile  and 
self-propelied  ground  support  equipment:  avia- 
tion armament  handling  equipment,  including 
generating,  starting,  lighting,  and  ignition  sys- 
tems, electrical  components  and  wiring  in  aux- 
iliary electrical  power  units  used  in  servicing 
aircraft;  electrical  control  systems  in  gas  turbine 
compressor  units  and  air-conditioning  systems: 
and  electrical  and  electronic  circuits  and  com- 
ponents in  general  aircrafi  servicing  equipment. 
They  also  service  and  maintain  storage  batteries, 
and  perform  periodic  maintenance  inspections 
of  ground  support  equi|^ment. 

As  an  ASb3  or  an  ASH2,  your  assignment 
possibilities  cover  a  wide  range  of  duties  and 
responsibilities.  Your  specific  duties  will  depend 
to  a  great  extent  upon  the  type  of  organization 
to  which  you  are  attached.  A  greater  number  of 
ASL's  are  assigned  to  activities  which  perform 
intermediate  level  maintenance.  These  billets 
*  exist  aboard  aircraft  carriers  and  naval  air 
stations.  In  each  instance,  the  ASh  will  most 
likely  be  attached  to  the  support  equipment 
division  of  the  Aircraft  Intermediate  Mainten- 
ance Department  (AIM!)). 

The  ASL  may  also  be  assigned  to  a  unit  that 
performs  organizational  maintenance.  The  unit 
may  be  permanently  attached  to  a  particular 
naval  air  station,^  or  may  use  a  certain  naval  Jir 
station  as  a  home  port  and  alternate  between  the 
station  and  a  ship  or  between  the  home  port  and 
another  land  base  or  bases 

Instructor  duty  is  available  to  the  ASI  2.  and 


in  special  instances  may  be  available  to  the 
ASIJ  Instructoi  biliets  are  available  in  the  AS 
school  .It  NAS  Memphis.  Millingti)n.  lennesseev 
in  the'  Naval  Air  Maintenance  I  raining  (Iroup 
(NAM'l(i)  with  headquarters  at  Memphis,  and 
with  the  Chief  of  Naval  Lducation  and  Train- 
ing Suppt)rt  in  Pensacola,«  Florida. 

Instructor^  billets  are  normally  filled  on  a 
voluntar\  basis  Detailed  tiifi)rmation  concerning 
assignment  to  instructor  duty  is  contained  in  the 
Lnhsted  Transfer  Manual.  NavlVrs  (Se- 
ries) 


LEADERSHIP 

One  does  not  have  to  be  a  member  of  the 
Armed  f-orces  very  long  before  realizing  that 
more  leadership  is  reqiiiied  of  the^highc'  rates.^ 
Advancement  not  onl^  entails  the  acquisition  of 
superioi  knowledge,  but  also  the  demonstrated 
ability  to  handle  people  This  ability  increases  in 
importance  as  one  advances  through  the  petty 
officer  rates. 

In  (Teneral  Older  No  21,  the  Secretary  of  the 
Navy  outlined  some  of  the  most  important 
aspects  of  naval  leadership.  By  naval  leadership 
is  meant  the  art  ol  accomplishing  the  Navy\ 
mission  through  people.  It  is  the  sum  of  those 
qualities  of  intellect,  ol  human  understanding, 
and  of  moral  character  that  enable  a  person  to 
inspire  and  to  manage  a  group  of  people 
sucLCsstulIy.  Effective  leadership  therefore  is 
based  on  personal  example,  good  management 
practices,  and  moral  responsibility.  The  term 
leadership  includes  all  three  of  tliesc  elements, 
I  he  current  Navy  Leadership  Program  is 
designed  to  keep  the  spirit  of  Cieneral  Order  No. 
21  ever  beforv  Navy  personnel.  If  the  threefold 
objective  is  carried  out  ellectively  in  every 
Lomiiiand,  Ihe  progiam  will  develop  better 
leaderi>.  As  one  advances  up  the  leadership 
ladder,  more  and  more  of  his  worth  to  the  Navy 
will  be  judged  on  the  basis  ol  the  amount  of 
efluieiit  woik  obtained  ln)in  subordinates  rath- 
er than  how  much  of  the  actual  work  he 
pertorins, 

loi  luitlici  uil'ornKttion  on  the  practical 
appliLatioii  ot  leadership  and  supervision.-  the 
latest  edition  ot  Mihtars  Kcquii .-inents  foi  Petty 
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Figure  M. -Paths  of  advancement. 
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Officer  3  &  Z.NavPers  I UU5(i  iSeries),  should  be 
studied. 

ADVANCEMENT 

Some  of  the  rewards  of  advancement  are  easy 
to  see.  You  get  more  pay.  Your  job  assignments 
become  more  mterestmg  and  more  challenging. 
You  are  regarded  with  greater  respect  by  officers 
and  enlisted  personnel.  You  enjoy  the  satis- 
faction of  getting  aheud  m  your  chosen  Navy 
career 

The  advantages  of  advancement  are  not  yours 
alone.  The  Navy^  also  protits.  Highly  trained 
personnel  are  essential  to  the  functioning  of  the 
Navy.  By  advancement,  you  increase  your  value 
to  the  Navy  in  twd  ways  first,  you  become 
more  valuable  as  a  technical  specialist  in  your 
own  rating;^  and  second,  you  become  more 
valuable  as  a  person  who  can  tram  others,  and 
thus  make  far-reaching  contributions  to  the 
entire  Navy, 

HOW  TO  QUALIFY 
FOR  ADVANCEMENT 

What  must  you  do  to  qualify  for  advance- 
ment? The  requirements  may  change  from  time 
to  time,  but  usually  you  must: 

L  Have  a  certain  amount  of  time  in  your 
present  grade 

2,  .Complete  the  required  Rate  Training  Man- 
uals by  either  demonstrating  a  knowledge  of  the 
material  in  the  manuals  by  passing  a  locally 
prepared  and  administered  test,  or  by  passing 
the  Nonresident  Career  Course  based  on  the 
Rate  Training  Manual  and  the  appropriate  Mili- 
tary Requirements  Manual. 

3,  Demonstrate  your  ability  to  perform  all 
the  practical  requirements  for  advancement  by 
completing  the  Record  of  Practical  Factors, 
NavEdTra  1414/L 

4,  Be  recommended  by  your  conlmanding 
officer,  after  the  petty  officers  and  officers 
supervising  your  work  have  indicated  that  they 
consider  you  capable  of  performing  the  duties  of 
the  next  higher  rate. 

5,  Successfully  complete  the  applicable 
military/leadership   examination  which   is  re- 


quired prior  to  participating  in  the  advancement 
(professional)  examination. 

Remember  that  the  requirements  for  advance- 
ment can  change.  Check  with  your  educational 
services  office  to  be  sure  that  you  know  the 
most  recent  requirements. 

Advancement  is  not  automatic:  after  you  have 
met  all  the  requirements,  you  are  only  eligible 
for  advancement.  You  will  actually  be  advanced 
only  if  you  meet  all  the  requirements  (including 
making  a  high  enough  score  on  the  written 
examination)  and  if  quotas  permit. 

HOW  TO  PREPARE 
FOR  ADVANCEMENT 

What  must  you  do  to  prepi're  for  advance- 
ment? You  must  study  the  qualifications  for 
advancement,  work  on  the  practical  factors, 
study  the  required  Rate  Training  Manuals,  and 
study  other  material  that  is  required.  You  will 
need  to  be  familiar  with  the  followfng: 

I.  Manual  of  Qualifications  for  Advance- 
me^,  NavPers  18068  (Series). 

^2  J  Record  of  Practical  Factors,  NavEdTra 
1414/1. 

3..  Bibliography  for  Advancement  Study. 
NavEdTra  10052  (Series). 

4.  Applicable  Rate  Training  Manuals  anc. 
their  companion  Nonresident  Career  Courses. 

Collectively,  these  documents  make  up  an 
integrated  training  package  tied  together  by  the 
qualifications..  The  following  paragraphs  describe 
these  materials  and  give  some  information  on 
how  each  one  is  related  to  the  others. 

**Quals**  Manual 

The  Manual  of  Qualifications  for  Advance- 
ment, NavPers  18068  (Series),  gives  the  mini- 
mum requirements  for  advancement.  This  man- 
ual is  usually  called  the  **Quals''  Manual,  and  the 
qualifications  themselves  are  often  called 
*'quals.^'  The  qualifications  are  of  two  general 
types  military  requirements,  and  professional 
(or  technical )  qualifications. 

Military  requirements  apply  to  all  ratings 
rather  than  to  any  one  particular  rating.  Military 
requirements  for  advancement  to  third  class  and 
second  class  petty  officer  rates  deal  with  mili- 
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lary  conduct,  naval  organization,  military  .jus- 
t'ce.  security,,  watch  standing,  and  other  subjects 
which  are  required  ot'  petty  otticers  jn  all  otheE 
^  ratings. 

Prot*Lssional  qualifications  are  technical  or 
professional  requirements  that  are  directly  re- 
lated to  the  work  ot"  each  rating. 

Both  the  military  requirements  and  the  pro- 
fessional qualifications  arc  divided  into  subject 
matter  groups:  then.,  within  each  subject  matter 
group,  they  are  dnidcd  into  practical  factors  and 
knowledge  factors.  Practical  factors  are  things 
you  must  be  able  to  DO.  Knowledge  factors  are 
things  you  must  KNOW  in  order  to  perform  the 
duties  of  your  rate. 

The  qualifications  for  advancement  and  a 
bibliography  of  study  materials  are  available  in 
your  educational  services  office.  Study  these 
qualifications  and  the  military  requirements 
carefully.  The  written  examination  for  advance- 
ment will  contain  questions  relating  to  the 
knowledge  factors  and  the  knowledge  aspects  of 
the  practical  factors  of  the  professional  qual'ifi- 
cacions*  If  you  are  .working  for  advancemenic  to 
second  class,  remember  thai  you  may  be  exam- 
ined on  third  class  qualifications  as  well  asj'on 
second  class  qualifications,  / 

It  is  essential  that  the  ''quals"  reflect  current 
requirements  of  fleet  and  shore  operations,  and 
that  new  fleetwide  technical,  operational,  and 
procedural  developments  be  included..  For  these 
reasons,  the  qualifications  are  continually  undet 
evaluation.  Although  there  is  an  established 
schedule  for  revisions  to  the  Equals'*  for  each 
rating,  urgent  changes  to  the  'Equals**  may  be 
Lj/  made  at  any  time.  These  revisions  are  issued  in 
the  form  of  changes  to  the  "Quals"  Manual. 
Therefore,  never  trust  any  set  of  **quals''  until 
you  have  checked  the  change  number  against  an 
up-to-date  copy  of  the  *^Quals"  Manual.  Be  sure' 
you  have  the  latest  revision. 


Personnel  Qualification  Standar(|s 


Personnel  Qualification  Standards  (PQS) 
fOpNav  Instruction  3500.34)  are  presently 
being  utilized  to  provide  guidelines  in  preparing 
for  advancement  and  qualification  to  operate 
specific  equipment  and  systems.  They  are  de- 


signed to  support  the  advancement  requirements 
as  stated  in  the  **Quals'*  Manual. 

While  the  *^Quals'*  and  Record  of  Practical 
Factors  are  stated  in  broad  terms,  each  PQS  is 
much  more  specific  in  its  questions  that  lead  to 
qualification,  it  provides  an  analysis  of  specific- 
equipment  and  duties*,  assignments,  or  respon- 
sibilities which  an  individual  or  group  of  indi- 
viduals (within  the  same  rating)  may  called 
upon  to  carry  out.  In  other  words,  each  PQS 
provides  an  anaiysis  of  the  complete  knowledge 
and  skills  required  of  that  rating  tied  to  u 
specific  weapon  system  (aircraft  and  or  indi- 
vidual systems  or  components). 

Each  qualification  standard  has  four  main 
subdivisions  in  addition  to  an  introduction  and  a 
glossary  of  PQS  terms.  They  are  as  follows; 

100  Series-Theory 

200  Series-Systems 

300  Series-Watchstations  (duties,  assign- 
ments, or  responsibilities) 

400  Series-Qualification  cards 

The  introduction  explains  the  complete  use  of 
the  qualification  standard  in  terms  of  what  it 
will  mean  to  the  user  as  well  as  he     o  use  it. ' 

The  Theory  (100  Series)  sectic.  jpecifies  the 
theory  background  required  a^:  a  prerequisite  to 
the  commencement  of  study  ir>  the  specific 
equipment  or  system  for  which  the  PQS  was 
written..  These  fundamentals  are  normally  taught 
in  the  formal  schools  (Preparatory,  Funda- 
mentals, and  Class  A)  phase  of  an  individual's 
training.  However,  if  the  individual  has  not  been 
to  school,  the  requirements  are  outlined  and 
referenced  to  provide  guidelines  for'*a  self-study 
program. 

The  Systems  (200  Series)  section  breaks  down 
the  equipment  or  systems  being  studied  into 
functional  sections.  PQS  items  are  essentially 
questions  asked '  in  clear,  concise  statement 
(question)  form  and  arranged  in  a  standard 
format/  The  answers  to  the  questions  must  be 
extracted  from  the  various  maintenance  manuals 
covering  the  equipment  or  systems  for  which  the 
PQS  was  written.  This  section  asks  the  user  to 
explain  the  function  of  the  system,  to  draw  a 
simplified  version  of  the  system  from  memory, 
and  to  use  this  drawn  schematic  or  the  sche- 
matic provided  in  the  maintenance  manual  while 
studying  the  system  or  equipment.  Emphasis  is 
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given  to  such  areas  as  maintenance  management 
procedures,  components,  component  parts,  prm- 
ciples  of  operation,  system  mterrelations,  nu- 
merical values  considered  necessary  to  operation 
and  maintenance,  and  safety  precautions. 

The  WatcKstation  (300  Series)  section  in- 
cludes questiX)ns  regarding  the  procedures  the 
individual  must  know  to  operate  and  maintain 
the  equipment  or  system,  A  study  of  the  items 
in  the  200  series  section  provides  the  individual 
with  the  required  information  concerning  what 
the  system  or  equipment  does,  how  it  does  it, 
and  other  pertinent  aspects  of  operation.  In  the 
300  series  section,  the  questions  advance  the 
qualification  process  by  requiring  answers  or 
demonstrations  of  ability  to  put  this  knowledge 
to  use  or  to  cope  with  maintenance!  of  the 
system  or  equipment.  Areas  covered  j  include 
normal  operation:  abnormal  or  emergency  oper- 
ation; emergency  procedures  which  coiilu  limit 
damage  and/or  casualties  associated  with  a  par- 
ticular operation:  operations  that  occur  too 
infrequently  to  be  considered  mandatory  per- 
formance items;  and  maintenance  procedures/ 
instructions  such  as  checks,  tests,  repair,  replace- 
ment, etc. 

The  400  series  section  consists  of  the  qual- 
ification cards.  These  cards  are  the  accounting 
documents  utilized  to  record  the  individual's 
satisfactory  completion  of  items  necessaVy  for 
becoming  qualified  in  duties  assigned. "Where  the  ^ 
individual  starts  in  completing  a  standard  will 
depend  on  his  assignment  within  an  activity.  The 
complete  PQS  is  given  to  the  individual  being 
qualified  so  that  he  can  utilize  it  at  every 
opportunity  to  becoWie  fully  qualified  in  all 
areas  of  his  rating  and  the  equipment  or  system 
for  which  the  PQS  was  written.  Upon  transfer  to 
a  different  activity,  each  individual  must  requal- 
ify.  The  answers  to  the  questions  asked  in  the 
qualification  standards  may  be  given  orally  or  m 
writing  to  the  supervisor,  the  branch  or  division 
officer,  or  the  maintenance  officer  as  required  to 
certify  proper  qualification.  The  completion  of 
part  or  all  of  the  PQS  provides  a  basis  for  the 
supervising  petty  officer  and  officer  to  certify 
completion  of  Practical  Factors  for  Advance- 
ment, 


Record  of  Practical  Factors 

Before  you  can  take  the  Navy-wide  examina-  ^ 
tion  for  advancement,  there  must  be  an  entry  m 
your  service  record  to  shqw  that  you  have 
qualified  in  the  practical  factors  of  both  the 
military  requirements  and  the  professional  qual- 
ifications. A  special  form  known  as  the  Record 
of  Practical  factors,  NavEdTra  1414/l(plus  the 
abbreviation  of  the  appropriate  rating),  is  used 
to  keep  a  record  of  your  practical  factor 
quahfications..  The  form  lists  all  practical  fac- 
tors, both  military  and  professional.  As  you 
demonstrate  your  ability  to-  perform  each  prac- 
tical factor,  appropriate  entries  are  made  in  the 
DATE  and  INITIALS  columns. 

Changes  are  made  periodically  to  the  Manual 
of  Qualifications  for  Advancement  and  revised 
forms  of  NavEdTral  il4/l  are  provided  when 
necessary,  E,\tra  sp'ce  is  allowed  on  the  Record 
of  Practical  Factors  for  entering  additional  prac- 
tical factors  as  they  are  published  in  changes.  The 
Record  of  Practical  Factors  also  provides  space 
for  recording  demonstrated  proficiency  in  skills 
which  are  within  the  general  scope  of  the  rate  but 
which  are  not  identified  as  minimum  qualifica- 
tions for  advancement.. 

^  If  you  are  transferred  before  you  qualify  in  all 
practical  factors,  NapEdTra  1414/1  should  be 
forwarded  with  your  service  record  to  your  next, 
duty  station..  You  can  save  yourself  a  lot  of 
trouble  by  making  sure  that  this  form  is  actually 
inserted  in  your  service  record  before  you  are 
transferred.  If  the  form  is  not  in  your  service 
record,  you  may  be  required  to  start  again  and 
requalify  in  the  practical  factors  which  have 
already  been  checked  off. 

A  second  copy  of  the  Record  of  Practical 
Factors  should  be  made  available  to  each  man  in 
pay  grades  E-2  through  E-8  for  his  personal 
record  and  guidance, 

The  importance  of  NavEdTra  1414/1  should  be 
emphasized  continuously.  It  serves  as  a  record  to 
indicate  to  the  petty  officers  and  officers  super- 
vising your  work  that  you  have  demonstrated 
proficiency  in  the  performance  of  the  indicated 
practical  factors  and  is  part  of  the  criteria 
utilized  by  your  commanding  officer  when  he 
considers  recommending  you  for  advancemefit. 
In  addition,  the  proficient  demonstration  of  the 
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applicable  practical  factors  listed  on  this  roriii 
can  aid  you  in  preparing  for  the  examination  Iqi 
jdvancenienl.  Renieniher  that  the  knowlejiie 
aspects  of  the  practical  factors  are  covered  in  the 
cxaniinalions  tor  advancement,:  (  ectain  knowl- 
edge IS  required  to  demonstrate  these  practical 
raclors  and  additional  knov\  ledge  can  he 
acquired  during  the  demonstration.  Knowledge 
factors  pertain  to  that  knowledge  which  is 
required  to  perform  a  certain  joh.  In  otiier 
vvordsv  the  knowledge  factors  required  for  a 
certain  rating  depend  upon  the  lohs  (practical 
factors)  that  must  be  performed  hy  personnel  of 
that  rating  1  hereforo,^  the  knowledge  required 
to  profic><f*tly ,  denionstrate'^these  practical 
factors  will  (jlefimteK  aid  you  m  preparing  for 
the  examination  for  advancement 

NavEdTra  10052 

\ 

\ 

Bibliography  for  Advancement  Stud\, 
NavFdlra  IOp52  (Series),  is  a^\erv  important 
publication  for  anyone  preparing  lor  advance- 
ment I  his  bibliography  contains  j  section  lisi- 
ing  the  military  references  and  anothef  section 
listing  the  profesMonal  references.  These'sectioiis 
list  required  and  recommended  Rate  Tiaining 
Manuals  and  other  reference  material  to  be  used 
by  personnel  vvorkini:  for  advancement. 
NavTd'Ira  10052  is  revised  and  issued  once  each 
year  by  the  Chief  of  Naval  Iducation  and 
Training  Support  l:ach  revised  edition  is  iden- 
tified by  a  letter  following  the  NavEdTra  number. 
When  using  this  publication,  be  sure  that  vou 
have  the  most  recent  edition. 

If  extensive  changes  in  qualifications  occui 
between  the  annual  revisions  of  NavldlM 
10052,  a  supple^ientarv'  list  of  studv  material 
may  be  issued  ii>  the  lorin  of  a  Navldlri 
Notice  When  you  are  preparing'  lor  advance- 
ment, check  to  see  whether  eluinges  have  been 
made  m  the  qualifications.  It  changVN  have  been 
made,  see  if  a  Notice  has  been  issued  to 
supplement  Navbdl  ra  10052 

rile  required  and  recommended  relen  iKes  at 
listed  by  rate  level  in  Navldlia  10052  It  \ou 
are  working  Icm  advancement  to  third  class, 
study  the  material  that  is  hsted  for  [h\r4  class  If 
you  are  working  lor  advancement  t(^  secon'S^ 
class,  study  the  material  that  is  listed  tor  seLoiul 


elass. -but  reinembei  ihat  \  on  are  <ilso  respon- 
sible loi'ihe  lelereiKes  listed  at  die  third  class 
level. 

In  using  Navldlia  10052  \ou  will  notice 
that  some  Rale  liaiiiing  Manuals  are  marked 
with -im-i+stefHk  I  ^  )  An\  nuMUial  maiked  in  tills 
wa\  IS  MANDA'IOR^'  that  is,  it  must  be 
completed  at  (he  indicated  rate  level  belore  you 
are  eligilMe  to  take  the  Nav\-wide  e xanunatioji 
for  advancement,  I  ach  mandatory  manual  ma> 
.be  completed  b\  passing  tlie  appropri^rte  non- 
resident eaieer  course  that  is  based  on  the 
mandatory  training  manual,  passing  locally  pre- 
pared tests  based  on  th|i,iiib)riiiation  given  in  the 
training  manual,  or  in  some  cases,  successfully 
completing  an  appropriatv'  Class  A  School, 

Do  not  overlook  the  section  of  NavpAlTra 
10052  which  lists  the  recjuired  and  recoiii-, 
nieiuled  references  relating  to  the  military  stan- 
dards/requnjinents  for  advancement.  bOr 
example;,  all  personnel  must  complete  the  Rate 
Iraiiii.ig  Manual.  Requirements  tor  Petty  Officer 
.3  NavPers  lOOMi  (Series),  for  the  appro- 

priate late  level  belore  ilie\  can  be  eligible  to 
advance.  >/ 

The  references  in  NavKdFra  10052  which  are 
reLOiiiniended,  but  not  niandatorv,  should  also 
be  stndie-l  carelully.  All  leferenees  listed  in 
Navl  d  Fra  10052  may  be  used  as  source  niaterfal 
for  the  written  examinations  at  the  appropriate 
rate  levt  Is. 

Rate  Training  Manuals 

Iheie'  are  two  general  ivpes  ol  Rate  I  raining 
Manuals.  Rate  manuals  (such  as  this  one)  are 
prepared  tor  most  enlisted  lates,  containing 
inlorniatioii  that  is  direuly  related  to  the 
protessioiial  c|ualitications  Basic  manuals  con- 
tain information  that  applies  to  nioie  tiian  one 
r..te  and  lati^ig.  Basu  1  leclriLitv.  NavPers  lOONO 
(Series),  w  an  example  of  a  basic  manual, 
t^ecause  many  lalings  use  it  toi  refereiue 

Rate  I  laming  Manuals  are  revised  asrecjUired 
to  keep  them  up-to-date  technically.  Il;c  revi- 
sion ot  a  Rate  I  raining  Manual  is  identilied  b>  a 
lettei  lollovvmg  the  Navl  d  1  ra  number  ^'ou  can 
tell  whetjiei  anv  [articular  loi\v  ot  a  Rate 
Irair.ing  Manual  is  the  latest  edition  by  checking 
the  Navldlia  niinibci  and  the  letter  lollowing 
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this  number  in  the  most  recent  edition  of  List  of 
Training  Manuals  and  Correspondence  Courses. 
NavEdTra  10061  (Series).  (NavEdTra  10061  is 
actually  a  catalog  that  lists  current  training 
manuals  and  nonresident  career  courses:  you  will 
find  this  catalog  useful  in  planning  your  stud\ 
program.) 

Rate  Training  Manuals  ^ire  designed  to  help 
yo\x  prepare  for  advancement.  The  following 
suggestions  may  help  you  lo  make  the  best  use 
of  this  manual  and  other  -Navy  training  publica- 
tions when  you  are  preparing  for  advancement. 

\.  Study  the  military  requirements  and  the 
professional  qualifications  for  your  rate  before 
you  study  the  traimngjxuu^udl,  and  refer  to  the 
*'quais''  frequently  as  you  study.  Remember, 
you  are  studying  the  training  manual  in  order  to 
meet  these  'Equals." 

2.  Set  up  regular  study  plan.  If  possible, 
schedule  your  studying  for  a  time  of  day  when 
you  will  not  have  too  many  interruptions  or 
distractions. 

3.  Before  you  begin  to  study  any  part  of  the 
training  manual  intensively,  become  familiar 
with  the  entire  manual.  Read  the  preface  and 
the  table  of  contents.  Check  through  the  index. 
Look  at  the  appendixes.  Thumb  through  the 
manual  without  any  particular  plan,  looking  at 
the  illustrations  and  reading  bits  here  and  there 
as  you  see  things  that  interest  you. 

4.  Look  at  the  trainin;  manual  in  more 
detailv  to  see  how  it  is  organized.  Look  at  the 
table  of  contents  again.  Then,  chapter  by  chap- 
ter, read  the  introduction,  the  headings,  and  the 
subheadings.  This  will  give  you  a  clear  picture  of 
the  scope  and  content  of  the  manual.  As  you 
look  through  the  manual  in  this  way,  ask 
yourself  some  questions:  What  do  I  need  to 
learn  about  this?  What  do  1  already  know  about 
this?  How  is  this  information  related  to  informa- 
tion given  in  other  chapters?  How  is  this 
information  related  to  the  qualifications  for 
advancement? 

5.  When  you  have  a  general  idea  of  what  is  in 
the  training  manual  and  how  it  is  organized,  fill 
in  the  details  by  intensive  study.,  In^ach  study 
period,  try  to  cover  a  complete  unit  -  it  may  be  a 
chapter,  a  section  of  a  ..hapter,  or  a  subsection. 
If  you  know  the  subject  well,  or  if  the  material 
IS  easy,^  you  can  cover  quite  a  lot  at  one  time. 


Difficiilt  or  unfamiliar  material  will  require  more 
study*^time. 

6.  In  studying  any  one  unit  -chapter,  section, 
or  subsection  -write  down  the  questions  that 
occur  to  you.  Many  people  find  it  helpful  to 
make  a  written  outline  of  the  unit  as  they  study, 
or  at  least  to  write  down  the  most  important 
ideas.' 

7.  As  you  study,  relate  the  information  in  the 
training  manual  to  the  knowledge  you  already 
have.  When  you  read  '  ^^^ess,  a  skill,  or 
a  situation,  try  to  se  ^  .i  .iformaiion  ties 
in  with  your  own  pas.  v.,,  ^rience. 

8.  When  you  have  finished  studying  a  unit, 
take  time  out  to  see  what  you  have  learned. 
Look  back  over  your  notes  and  questions. 
Maybe'  some  of  your  questions  have  been 
answered,  but  perhaps  you  still  have  some  that 
are  not  answered.  Without  referring  to  the 
training  manual,  wri^e  down  the  main  ideas  that 
you  have  learned  from  studying  this  unit.  Do 
not  quote  the  manual.  If  you  cannot  give  these 
ideas  in  your  own  words,  the  chances  are  that 
you  have  not  really  mastered  the  information. 

9.  us^  Nonresident  Career  Courses  whenever 
you  can.  These  courses  are  based  on  Rate 
Training  Manuals  or  on  other  appropriate  texts. 
As  mentioneu  before,  completion  of  a  manda- 
tory Rate  Training  Manual  can  be  accomplished 
by  passing  its  associated  Nonresident  Career 
Coufiie.  You  will  probably  find  it  helpful  to  take 
other  courses,  as  well  as  those  based  on  manda- 
tory training  manuals.  These  courses  help  you  to 
master  the  information  given  in  the  training 
manual,  and  also  help  you  to  see  how  much  you 
have  learned. 

10.  Think  of  your  future  as  you  study  Rate 
Training  Manuals.  You  are  working  for  advance- 
ment to  third  class  or  second  class  right  now, 
but  someday  you  will  be  working  toward  higher 
rates.  Anything  extia  that  you  can  learn  now 
will  help  you. 


SOURCES  OF  INFORMATION 

One  of  the  most  useful  things  you  can  learn 
about  a  subject  is  how  to  find  out  more  about  it, 
No  single  publication  can  give  you  all  the 
information  you  need  to  perform  the  duties  of 
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your  rating.  You  should  learn  where  to  look  for 
accurate,  authoritative,  up-to-dat^  information 
on  all  subjects  related  to  the  military  require- 
ments for  advancement  and  the  professional 
qu?'*fications  of  your  rating. 

Some  of  tht'  '^»blicarons  described  in  this 
manual  are  i  thange^or  revision  from 

time  to  time-  legular  intervals,  others  as 

the  need  arises.  When  using  any  publication  that 


is  subject  to  change  or  revision,  be  sure  that  you 
have  the  latest  edition.  When  using  any  publica- 
tion that  is  kept  current  by  means  of  changes,  be 
sure  you  have  a  copy  in  which  all  official 
changes  have  been  made.  Studying  canceled  or 
obsolete  information  will  not  help  you  perform 
efficiently  or  to  advance;  it  is  likely  to  be  a 
waste  of  time,  and  may  even  be  seriously 
misleading. 


CHAPTER  2 


MAINTENANCE  FORMS  AND  RECORDS 


In  order  that  all  commands  and  offices 
concerned  with  naval  aviation  be  kept  fully 
informed  of  the  operational  and  maintenance 
experiences  of  naval  aviation  operating  activities, 
a  large  variety  of  records  must  be  maintained 
and  many  reports  made.  Some  of  the  reports 
provide  purely  historical  information,  sor^ke  fur- 
nish statistical  data  for  analyzing  efficiency  and 
economy  of  maintenance  and  operation,  and 
others  have  a  bearing  on  the  supply  support 
furnished  the  activity.:  These  records  and  reports 
are  not  limited  to  aircraft.  Support  equipment, 
man-hours,  and  personnel  training  are  represen- 
tative of  other  areas  of  recordkeeping  and 
reporting. 

Through  analyses  of  the  data  provided,  the 
commands  and  offices,  for  whose  use  the 
records  and  reports  are  submitted,  are  enabled 
to  better  control  overall  operations.,  Standard- 
ization of  maintenance  and  material  areas  is 
improved,  unsafe  or  uneconomical  trends  are 
spotted  and  corrected  earlier,  and,  through 
feedback  information,  the  service  experience  of 
other  similar  activities  is  made  available  to  all 
who  would  find  it  helpful. 

For  each  record  that  has  to  be  Jcept,  and  for 
every  report  that  has  to  be  made,  a  governing 
instruction  has  been  issued.  The,se  instructions 
usually  give  detailed  instructions  for  the 
preparation  of  the  record  or  report,  prescribe 
the  (oiim  and  frequency  of  submission,  and 
indicate,  the  office  ^o  which  they  are  to  be 
forwarded.:  For  purely  local  records  such  as 
training  records,  local  instructions  are  provided 
to  guide  the  recordkeeping. 

Only  a  few  oQhe  forms  and  records  pertain- 
ing to  ground  support  equipment  will  be  dis- 
cussed in  this  manual.  The  text  material  of  the 
Naval  Aircraft  Maintenance  Program  (NAMP) 
discusses  the  forms  and  records  in  detail  and 
provides  other  valuable  information  that  is 


pertinent  to  ground  support  equipment..  A  com- 
plete coverage  of  the  NAMP  is  provided^  l3y 
OpNav  Instruction  4790.2  (Series)  with  a  basic 
coverage  in  Military  Requirements  for  Petty 
Officers  3  and  2?^avPers  10056  (Series). 


GSE  STATISTICAL  DATA 
REPORTING 

The    true    measure    of    effectiveness  of 
maintenance  and  material  management  in  sup- 
port of  a  weapon  system  is  the  state  of  readine^ 
of  that  weapon  system  to  perform  its  assigneU^ 
mission  when  related  to  the  utilization  rate  that 
can  be  sustained.  The  readiness  and  utilization 
of  Ground  Support  Equipment  (GSE)  affect  the  ^ 
readiness  and  utilization  of  aviation  weapon 
systems.  Because  of  this  effect  there  is  a  need  to 
provide  sufficient  data*  to  enable  efficient  man- 
agement of  GSE  resources  in  terms  of  readiness 
and  utilization.  Accordingly,  a  system  for  col- 
lecting, processing,  and  utilizing  GSE  statisrical 
data  for  selected  itenf)^  of  GSE  has  been  imple- 
mented throughout  the  Navy. 

In  the  GSE  data  collection  system,  GSE 
inventory  changes,  status  changes,  and  NOR 
data  are  recorded  on  a  source  document  and 
machine  processed..  This  data  supports  the  man- 
agement funcrion,  allowing  for  the  isolation  of 
problem  areas,  and  gives  an  indication  of  the ' 
impact  of  GSE  readiness  and  utilization.  Spe- 
cifically, the  GSE  data  collection  system  pro- 
vides information  to: 

1.  ^  Generate  GSE  readiness  and  utilization 
reports. 

2.  Charge  NOR  time  to  a  particular  system/ 
subsystem  of  GSE.  ' 

3.,  Measure  the  effect  of  supply  response  on 
GSE  readiness.  / 
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4.;  Measure  the  effect  of  technical  directive 
compliance  on  GSE  readiness. 

'5.:  Measure  the, amount  of  time  that  GSE  is 
awaiting  maintenance. 

GSE  becomes  subject  to  this  reporting  system 
upon  acceptance  by  a  reporting  custodian  and 
remains  so  until  lost  from  inventory  of  that 
reporting  custodian.  The  system  is  mandatory 
for  GSE  reporting  custodians  who  are  subject  to 
and  operate  under  the  3-M  System.  The  scope  of 
required  reporting  includes: 

1 .  GSE  inventory  changes. 

2.  :  The  reporting  of  NOR  time  by  reason. 

3.  The  relation  of  NOR  time  to  GSE 
systems/subsystems. 

4.  The  utilization  of  GSE  in  hours/cycles/ 
starts. 

The  system  is  designed  to  reduce  tlie  manual 
accumulation  of  records  associated  with  the 
management  of  GSE.  It  requires  the  support  of  a 
data  services  activity  to  process  the  collected 
'  data.:  This  system  provides  data  for  GSE  inven- 
tory, readiness,  utilization,  and  information  for 
management  control  of  selected  GSE  items. 

The  GSE  data  collection  system  does  not  have 
application  to  all  support  equipment;  instead, 
only  selected  items  are  involved.  An  appendix  to 
the  3-M  Manual  lists  those  items  of  GSE  on 
which  statistical  data  reporting  is  required.;  It  is 
not  appropriate  to  include  a  listing  of  this  type 
in  this  training  manual.  (In  this  section,  GSE  is 
limited  to  the  selected  items  requiring  statistical 
data  reporting.) 

TERMS  AND  CODES 

Prior  to  entering  into  a  discussion  of  the  GSE 
data  collection  system  operation  and  source 
documentation  procedures,  an  explanation  of 
some  of  the  basic  terms  and  codes  used  in  this 
system  is  required..  The  following  term^.  and 
their  meaning  should  be  studied  thoroughly  in 
order  to  more  fully  understand  the  discussion 
that  follows. 

Operationally  Ready  (OR) 

Operationally  ready  is  a  condition  status  of  an 
item  of  GSE  which  indicates  that  it  is  physically 
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and  mechanically  capable  of  safely  performing 
its  designed  function/mission. 

Not  Operationally  Ready  (NOR) 

An  item  of  GSE  is  NOR  when  it  becomes 
known  that  a  discrepancy  exists  which  prevents 
the  item  from  performing  its  designed  function/ 
mission  completely  within  the  definition  of  OR. 
NOR  is  separated  into  several  categories. 

NOT  OPERATIONALLY  READY  MAIN- 
TENANCE (NORM).-An  item  of  GSE  is  NORM 
when  scheduled  maintenance,  technical  directive 
compliance,  or  corrective  maintenance  is 
required,  or  is  being  performed  on  the  item  or 
its  systems  to  return  the  item  to  an  OR 
condition.  NORM  is  separated  into  several  cate- 
gories. 

Not  Operationally  Ready  Depot  Maintenance 
(NORDM).-- An  item  of  GSE  is  NORDM  during 
all  periods  of  time  that  depot  level  maintenance, 
scheduled  or  unscheduled,  (except  calibration)  is 
being  performed  on  the  item  by  a  depot  level 
activity  when  the  repair  is  of  a  short-term 
nature..  If  down  time  is  expected  to  exceed  72 
hours,  the  item  will  be  dropped  from  the 
inventory. 

Not  Operationally  Ready  Aircraft  Inter- 
mediate Maintenance  (NORAIM).-An  item  of 
'  GSE  is  NORAIM  during  all  periods  of  time  that 
aircraft  intermediate  maintenance,  scheduled  or 
unscheduled,  (except  calibration)  isl^eing  per- 
formed on  the  item  of  GSE  by  an  AIMD. 

Not  Operationally  Ready  Public  Works/ 
Marine  Air  Base  Support  (NORM  (PW/MABS)).- 
An  item  of  GSE  is  NORM  (PW/MABS)  when 
scheduled  or  unscheduled  maintenance  (except 
calibration)  is  being  performed  on  the  item  of 
GSE  by  a  Public  Works  Department  or  a 
Marine  Air  Base  Support  Activity.: 

Not  Operationally  Ready  Calibration  (NORM 
CALIB).  -An  item  of  GSE  is  NORM  CALIB 
when  scheduled  or  unscheduled  calibration  is 
being  accomplished  on  the  .iteni.  Calibration  is 
actually  a  depot  level  maintenance  function  but 
an  item  of  GSE  NORM  CALm  is  not  reported 
NORDM;  instead,  it  is  reported  as  NORM 
CALIB.,  Qualification  is  performed  by  an  AIMD 
and  is  reported  NORM  CAjLlB  (scheduled  or 
unscheduled).,  / 
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NOT  OPERATIONALLY  READY  SUPPLY 
(NORS).-An  item  of  GSE  is  NORS  when  a 
supply  demand  has  been  made  and  the  material/ 
component/part(s)  which  have  been  requisi- 
tioned are  not  available,  precluding  further 
maintenance  work.:  Maintenance/production 
control  personnel  determine  NORS  start  and 
stop  times  using  the  following  information:  (I) 
the  time  the  demand  for  material  is  placed  on 
the  supply  activity  by  the  material  control  work 
center,  (2)  the  time  the  material  is  delivered  to 
the  designated  delivery  point,  and  (3)  whether 
other  maintenance  can  be  performed  on  the 
item.: 

n6t  OPERATIONALLY  READY  FACILI- 
TIES (NORF).-An  item  of  GSE  isNORF  when 
it  is  unavailable  for  use  due  to  a  deficiency  of 
support  facilities  required  in  the  support  of  that 
item  of  GSE;  for  example,  a  jet  engine  test 
facility  unusable  due  to  ship/station  power 
failure.. 

Awaiting  Maintenance  Time  (AWM) 

Awaiting  Maintenance  time  is  that  time  which 
an  i^'  1  of  GSE  is  NORM  and  rfo  maintenance 
work  is  being  performed.  AWM  does  not  apply 
when  the  item  of  GSE  is  NORS  or  NORF* 

Designed  Function/Mission 

The  designed  function/ftiission  of  an  item  of 
GSE,  for  purposes  of  GSE  data  collection,  refers 
to  the  full  capabilities  for  which  the  item  was 
designed.  Some  GSE  is  designed  to  fulfill  more 
than  one  function.  Examples  of  this  are  the 
MD-3B  tractor,  which  was  designed  to  tow  and 
to  furnish  starting  air  for  jet  aircraft,  and  the 
NC-8A  mobile  electric  power  unit,  which  was 
designed  to  furnish  a-c  and  d-c  power,  as 
required,  GSE  of  this  type  must  be  capable  of 
performing  all  designed  functions  to  be  OR. 

Reporting  Custodian 

The  reporting  custodian  is  the  activity  having 
prime  custody  of  the  GSE  as  indicated  on  the 
appropriate  Individual  Material  Readiness  List 
(IMRL)  or  allowance  list.  Equipment  furnished 
on  a  sub-custody  basis  must  be  reported  by  the 


supporting  activity  which  has  prime  custody  of 
the  equipment. 

Controlling  Custodian 

Controlling  custodians  are  the  operating  com- 
mands and  Naval  Air  Systems  Command,  the 
monitors,  users,  and  compilers  of  data.  These 
operating  commands  include  COMNAVAIR- 
LANT,  COMNAVAIRPAC,  etc. 

Source  Document 

One  source  document  is  utilized  iit  the  GSE 
data  collection  system  to  report  readiness  and 
utilization.  It  is  the  GSE  data  card,  discussed  in 
detail  later  in  this  chapter. 

GSE  Status  Codes 

A  GSE  status  code  is  a  classification  of  the 
status  of  an  item  of  GSE.  A  NOR  condition  has 
no  bearing  on  the  status  code  of  an  item  of  GSE. 
There  arc  three  status  codes  used  in  the  GSE 
data  collection  system  and  they  denote  the 
purpose  or  use  of  assigned  GSE. 

STATUS  CODE  A.-Normal  operational 
support.  Status  code  A  applies  to  those  items  of 
GSE  in  the  possession  of  an  organizational  or 
intermediate  activity  and  normally  being  utilized 
in  support  of  assigned  missions.  NOR/Utilization 
reporting  is  required  only  against  equipment  in 
status  code  A. 

STATUS  CODE  B.-Backup  stock.  This  status 
code  applies  to  those  items  of  GSE  in  possession 
of  an  Intermediate  activity  and  not  being  uti- 
lized in  support  of  assigned  mission,  placed  in 
storage,  or  being  held  in  reserve;  for  example,  an 
air  wing  departs  from  a  carrier  and  items  are  not 
required  in  support  of  remaining  activities. 

STATUS  CODE  C.-Special  repair/upkeep.  . 
Status  code  C  applies  to  those  items  of  GS^  in 
possession  of  an  intermediate  maintenance  activ- 
ity for  special  repair  or  upkeep  which  are  not  on 
the  repair  AlMD's  inventory.  The  designation  of 
AfMD's  responsible  for  special  repair  or  upkeep 
and  redistribution,  if  required,  of  GSE  are  made 
by  the^propriate  controlling  custodian, 
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Table  2-1. -GSE  tranrsactton  oHes 


NOR  Transactions 


21  . 

.:  .  Facilities. 

.  Supply. 

23  . 

,  Depot  Maintenance  (NORDM  SKED) 

24  . 

.  Aircraft  Intermediate  Maintenance  Department  (NORAfM  SKED) 

25  ., 

.     Public  Works/Marine  Air  Base  Support  (NORM  PW/MABS  SKED) 

26  . 

,  Calibration  (NORM  CALIB  SKED) 

"^3  . 

Depot  Maintenance  (NORDM  UNSKED)  v 

34  , 

.  Aircraft  Intermediate  Maintenance  Department  (NC^RAIM  UNSKED) 

\35  . 

.  Public  Works/Marine  Air  Base  Support  (NORM  PW/MABS  UNSKED) 

,  Calibration  (NORM  CALIB  UNSKED) 

Inventory  Change 


II  ...  Gain. 

.  .  Transfer. 
13  .  ,  ,  Strike. 

Status  Change  42 


A  A  ,  .  Normal  Operational  Support,  * 

B   >:  .  .  Back  up  stock. 

C   ,      Special  Repair/Upkeep. 


Utilization 

51  . 

.  Start  Meter  Reading. 

52  .  . 

.  Stop  Meter  Reading.               ■  . 

53  , 

.  End  of  Month  Close  Out. 

Replenishment 

41  . 

.  Replenishment.  ! 
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GSE  Transaction  Codes 

GSE  transaction  codes  are  used  to  indicate 
NOR  conditions,  inventory  changes,  status  code 
chajiges,  and  utilization.,  However,  it  is  no  longer 
required  to  report  status  codej  changes.  If  an 
item  of  GSE  becomes  other  than  status  A,  it  will 
be  dropped  from  the  inventory  until  such  time 
as  it  again  becomes  statusW  Table  2-1  contains 
a  listing  of  the  various  GSEWnsaction  codes. 

Reporting  Requirement  Cod^  (RRC) 

This  is  a  single  character  code  which  indicates 
the  type  of  reporting  requiijed  on  the  item,  to 
which  it  is  assigned.  / 

**A".--Maintenance  reporting  pnly. 

**B".-Maintenance,  inventory,  and  readiness 
reporting  required. 

"C".-Maintenance,  inventory,  readiness,  and 
utilization  reporting  required. 

An  appendix  to  the  3-M  manual  contains  a 
listing  of  all  GSE  assigned  a  type  equipment 
code  (TEC)  and  the  assigned  RRC  for  each  item. 
An  item  of  GSE  assigned  the  RRC  "B"  or  "C"  is 
in  the  GSE  statistical  data  reporting  system 
when  entered  in  the  master  fil^  in  status  code  A, 

SYSTEiM  OPERATION  / 

Each  item  of  GSE  while  ip  a  reporting  status, 
at  any  given  time  from  acceptance  until  loss,  is 
the  accounting  responsibility  of  one  (and  only 
one)  controlling  custodian  and  one  (arid  only  one) 
reporting  custodian.  Gain  and  loss  occur  simul- 
taneously when  an  item  of  GSE  changes  cus- 
tody. All  GSE  loss  actions  are  effective  as  of 
2400  hours  on  the  date  the  transfer  occurs,  and 
all  gain  actions  are  effective  as  of  0001  hours  the 
following  calendar  day..  An  item  of  GSE  remains 
in  the  reporting  custody  of  the  transferring  unit 
until  accepted  by  the  receiving  unit. 

When  a  reporting  custodian  becomes  subject 
to  this  reporting  system,  a  listing  is  prepared  for 
each  item  of  GSE  subject  to  reporting  which  is 
in  the  inventory  ^f  that  reporting  custodian. 
This  listing  is  prepared  by  the  reporting  cus- 
todian and  forwarded  to  data  services,  via  the 
analysis  division,  in  order  to  establish  an  accu- 
rate master  file  of  inventory  data  within  the  local 


services  activity.  This  master  file  of  data  is 
printed  out'  as  the  Master  Roster  Report,  GSE  1, 
and  includes  such  identifying  information  as 
GSE  type/model/series,  organization  code, 
status  code,  and  serial  number.  Once  the  master 
file  of  inventory  data  is  established,  it  is  kept 
current  by  the  submission  of  GSE  cards. 

The  master  file  and  submitted  GSE  cards  are 
utilized  by  the  data  services  activity  to  prepare 
periodic  machine  reports  which  list  and  summa* 
rize  certain  data.  These  reports  are  supplied  to 
the  reporting  custodian  to*  provide  assistance  in 
planning  anc^  directing  the  maintenance  effort. 
In_  addition,  data  from  the  GSE  cards  are 
forwarded  to  a  Central  Data  Pr<^essing  Facility, 
which  provides  data  in  a  format  to  satisfy 
management  requirements  of  type^^commanders,* 
technical  commands,  and  other  man^gprs. 

•  V 

t"  \ 

GSE  DATA  CARD  DOCUMENTATIOnX 

There  is  only  one  source  document  uti^zed  to 
collect  GSE  statistical  data.  This  is  the  GSE  data 
card.  It  is  used  to  report  three  distinct  categories 
of  GSE  statistical  data-inventory  changes,  NOR 
time  by  reason,  and  utilization  by  hours/cycles/ 
starts. 

Unless  otherwise  reported,  each  item  of  GSE 
is  assumed  to  be  usable  for  the  purpose  for 
which  designed,  still  assigned  to  the  same  report- 
ing custodian,  and  operationally  ready-.  When 
NORM  or  NORS  time  is  reported  on  the  GSE 
card,  it  must  he  related  to  the  particular 
system/subsystem  causing  the  NOR  condition- 
by  entering  on  the  card  the  work  unit  code(s)  of 
the  faulty  system/subsystem.  That  portion  of 
NORM  time  during  which  maintenance  was  not 
being  performed  is  also  identified  as  AWM  time. 

For  the  most  part,  prepunthfed/preprinted 
(blocks,  i  through  4)  GSE  carcis  are  used. 
HandWribed  cards  may  be  used  if  prepunched/ 
preprinted  cards  are  not  available.  A  supply  of 
prepunched/preprinted  cards  is  normally  re- 
ceived \for  an  item  of  GSE  upon  fef»orting^ga|n. 
When  'the  supply  of  prepunched/preprinted 
cards  for  a  particular^  item  of  GSE  reaches  10  or 
less,  a  new  supply  can  be  obtained  by  submitting 
a  correctly  prepunched/preprinted  card  whh  the 
replenish  code  (41)  checked.  No  other  trans* 

^  \ 
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Figure  2-1  .-GSE  data 

a^on  data  should  be  made  on  a  GSE  card 
submitted  fot  replenishment  purposes. 

AH  completed  GSE  cards  are  forwarded  to  the 
analysis  division  by  0900  on  the  first  working 
day  following  the  transaction..  Here,  th^  are 
Sorted,  counted,  and  forwarded  to  data  services 
for  machine  processing. 

InvetYtory  Change  Reporting 

A  GSE.  card  reporting  inventory  change  data 
•  is  submitted  when  an  item  of  GSE  is  gained 
(received/accepted)  into  a  unit's  custody,  an 
item  of  GSE  is  lost  (transferred/stricken)  from 
the  unit's  custody,  or^^n  item  in  the  reporting 
cu$todian*s  inventory  is;  degraded  to  a  status 
otl^er  than  A.  (See  fig,  M.)  \ 
The  GSE  card  reflecting  a  gain  of  an  item  of 
'  GSE  into  a  unit's  custody  must  be  handscribed., 
From   this   card   a   supply   of  prepunched/ 
preprinted  GSE  cards  is  provided^ to  the  report- 
ing Custodian    by    data   services.  These 
prepukhed/preprinted  cards  are  then  used  for 
other  types  of  reporting. 

The  following  paragraph'.;  discuss  GSE  card 
documentation  reporting  inventory  change  data. 
Block  \l  Serial  Number.  The  serial  number  of 


AS.1d5 

ird  reporting  a  gain. 

the  item  of  GSE  gained  is  entered  in  this  space. 
This  number  is  always  reported  in  six  characters. 
If  there  are  less  than  six  characters  in  the  serial  . 
numbei*,  it  is  preceded  with  izeros  to  make  six.  If 
there  are  more  than  six  characters;  only  the  last 
six  are  reported,  if  there  is  no  serial  number,  a 
six-character  identification  number  which  con- 
sists of  the  organization  code  plus  a  3-character 
serial  number  is  assigned  by  the  local  activity. 
Normally  the  serial  number  should  start  with. 
001  and  subsequent  numbers  should  be  assigned 
sequentially  ;  for  example  P9G001,  P9G002,  etc. 
This  assigned  serial  number  is  affixed  to  the 
equipment  and  remains  with  the  unit  until 
stricken  from  the  Navy's  inventory..  ^ 

Block  2™Type  Equipment  Code.  The 
4-character  type  equipment  code  which  identi- 
fies the  item  of  GSE  by  t^pe,  model,  and  series 
is  entered  in  this  space. 

Block  3*  Organization  Code,.  The  3-character 
organization  code  which  identifies  the  unit  of 
assignment  is  entered  here.  ' 

Block  4"StatUs  Code,  in  this  block  is  entered 
the  appropriate  status  code  (A,  B,  or  C). 

Block  5-  Transaction  Di^te.  in  this  space  is 
entered  the  Julian  date  on  which  the  gain 
occurred,  ' 
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Figure  2.2*-GSE  data  card  reporting  a 

Block  ^Transaction  Hours.  The  total  num- 
ber of  clock  hours  remaining  in  the  month  is 
entered  in  block  6  (Total).  This  is  cornputed  by 
multiplying  the  number  of  calendar  days  remain- 
mg  imthe  mojth  by  24  hours*  All  gain  actions 
are  '^ef/ective  "as  of  0001  hours  on  the  day 
following  the  day  of  receipt.  The  entry  in  this 
block  must  be  a  multiple  of  24  hours,  and  it  is 
preceded  with  zeros  when  the  hours  listed  are 
less  than  the  allotted  $pace.  A  zero  is  always 
entered  for  tenths. 

Block  9 -Inventory  Change.  A  checkmark  is 
entered  opposite  the  gain  transaction  code  (11). 

Block  12-Utilization.  The  total  number  of 
meter  or  logbook  hours/starts,  as  appropriate,  is 
entered  in  block(s)  12.1,  .2.  .3,  and  .4  at  the 
time  the  equipment  is  gained  into  the  activity's 
inventory.  Some  items  of  support  equipment 
were  designed  to  fulfill  more  than  one  function.. 
The  hours/starts  of  the  primary  unit  of  such 
items  are  recorded  in  spaces  .  1  and  .2,  and  the 
hours/starts  of  the  secondary  unit  are  recorded 
in  spaces  .3  and  .4.  The  entries  in  these  spaces 
should  always  be  preceded  with  zeros  when  the 
hour^/starts  listed  are  less  than  the  allotted  space. 

The  reporting  of  GSEloss  transactions  is  very 
similar  to  gain  reporting.  When  an  item  of  GSE 
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AS.196 

NORAIM  (unschfiduled)  condition* 

is  lost  from  reporting  custody  or  degraded  from 
status  A,  a  prepunched/preprinted  GSE  card  is 
normally  used.  The  Julian  date  on  which  the  loss 
occurred  is  entered  in  block  5.  The  total  number 
of  clock  hours  remaining  in  the  month  is  entered 
in  block  6  (Total),  This  is  computed  as  pre- 
viously discussed  for  a  gain  transaction.  All  loss 
actions  are  effective  as  of  2400  hours  on  the  day 
of  the  loss.  A  checkmark  is  entered  opposite  the 
appropriate  loss  code  (12  or  13)  in  block  9.  All 
hours/start^/cycles,  as  appropriate,  are  entered 
in  block(^  12.1,  .2,  .3,  or  .4  at  the  time  the 
equipmem  is  lost  from  the  activity's  inventory 
in  the  same  manner  as  previously  discussed.. 

Not  0|)erationally  Readv  Reporting 

As  previously  stated,  reporting  custodians  are 
accountable  for  each  assigned  item  of  GSE  for 
24  hours  each  day.;  Each  item  of  GS^  is 
cor^idered  OR  unless  reported  otherwise.  When- 
ever an  item  of  GSE  becomes  NOR,  for  any 
reason,  a  QSE  card  must  be  initiated.  Pre- 
punched/preprinted cards  are  normally  used  for 
NOR  reporting.  Figure  2-2  illustrates  a  GSE  card 
reporting  the  beginning  of  a  NORAIM 
(unscheduled)  condition.  Completion  of  the 
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card  blocks  for  this  type  of  reporting  is  dis- 
cussed in  the  following  paragraphs. 

Block  5 -Transaction  Date,  The  Julian  date 
on  which  the  transaction  occurred  is  entered  in 
this  block. 

Block  6-Transaction  Hours,  The  time,  in 
hours  and  minutes,  that  the  item  of  GSE 
becomes  NOR  is  entered  in  block  6  (Begin).  The 
card  is  then  retained  by  maintenance/production 
control  until  it  is  closed  out. 

Block  8-NOR  Transaction.:  A  checkmark  is 
^placed  in  the  box  that  best  indicates  the  reason 
for  NOR  condition.  Only  one  box  in  block  8 
may  be  checked  ot?  any  one  card.  NOR  technical 
directive  compliance  (TDC)  is  reported  when  an 
item  is  not  ready  solely  because  of^  the  com- 
pliance with  a  technical  directive.  In  this  case,  a 
checkmark  is  entered  in  t|n^,Sked  box  opposite 
the  appropriate  NOR  transaction  code  in  block 
8,  and  TDC  is  entered  in^block  10.1  (Work  Unit 
Code). 

GSE  undergoing  periodic  or  calendar  inspec- 
tion, while  in  the  custody  of  the  reporting 
custodian;  is  reported  as  NORAIM  SKED  and 
work  unit  code  030  is  entered  in  block  10.1.; 
Damaged  GSE  in  the  custody  of  the  reporting 
custodian 4s^ortecf^as  NORAIM  UNSKED. 

The  time  a  unit  of  GSE  is  NOR  due  to 
maintenance  .being  performed  by  Depot  cus- 
tomer service,  excluding  calibration,  is  reported 
as  NORDM  (scheduled/unscheduled).  Likewise, 
the  time  a  unit  of  GSE  is  NOR  due  to  aijy  type 
of  maintenance,  excluding  calibration,  being 
performed  by  Public  Works/Marine  Air  Base 
Support^i^  reported  NOR  PW/MABS  (Sked  or 
Unsked).  The  time  a  unit  of  GSE  is  NOR  due  to 
calibration,  regardless  of  who  performs  the 
work,  is  reported  NOR  CALIB  (Sked  or 
Unsked). 

If  more  than  1  hour  is  required  to,  deliver  a 
part'  to  maintenance,  the  item  of  GSE  is 
ported  NORS,  transaction  code  22,  from  the 
time  the  demand  was  placed  on  the  supply, 
activity,  by  the  material  control  work  center./ 
Cahnibalization  is  considered  a  supply  action; 
therefore,  an  item  of  GSE  is  reported  NORS 
during  the  time  a  replacement  part  is  being  re- 
moved from  another  item  of  GSE.  A  NORS 
condition  does  not  imply  that  routine  upkeep 
(painting,  corrosion  control,  washing,  etc.)  can- 
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not  be, performed  on  the  item. 

An  item  of  GSE  not  usable  solely  because  of  a 
deficiency  of  support  facilities  is  reported  NOR 
Facilities,  transaction  code  21.  NOR  Facilities  is 
not  used  when  an  item  off  GSE  is  NOR  for  any 
.other  reason. 

Block  10- Work  Unit  Code.  The  work  unit 
code  that  identifies  the '  system  or  subsystem 
which  caused  the  item  of  GSE  to  be  NOR  is 
entered  in  this  block.;  A  discrepancy  must  cause 
an  item  of  GSE  to  be  NORM  or  NORS  before  a 
work  unit  code  is  entered  in  this  block.  A 
maximum  of  three  work  unit  codes  may  be 
entered  in  this  block.  These  codes  are  listed  in 
orcier  according  to  required  fix  times,  with  the 
system  or  subsystem*  that  causes  the  item  to  be 
NOR  the  longest  period  of  time  listed  first. 

GSE  cards  reporting  NOR  data  are  closed  out 
when  the  item  becomes  OR,  thfe  item  becomes 
NOR  for  another  reason,  or  at  the  end  of  the 
day  (2400).  (See  fig.  2-3.) 
The  closeout  time  is  entered  in  blodc  6  (End) 
%  in  hours  and  minutes.  The  begin  time  is  sub- 
tracted from  the  end  time  and  the  difference  is 
entered  in  block  6  (DifQ.  This  elapsed  time  is 
converted  to  hours  and  tenths  and  entered  in 
block  6  (Total).  Located  near  the  center  of  the 
GSE  card  is  a  tenths  of  hour  key  to  assist  in 
converting  minutes  to  tenths  of  an  hour. 

A  separate  card  is  completed  each  day  that  a 
NOR  condition  exists,  including  weekends  and 
holidays,  and  for  each  individual  item  of  GSE  by 
serial  number.  It  is  not  possible  to  summarize 
more  than  one  GSE  transaction  on  any  one  card, 
and  one  .card  cannot  account  for  more  than  a 
24-hour  period.  Figure  2-4  shows  a  GSE  data 
card  reporting  a  NORAIM  (unscheduled)  cdndi- 
tibn  carried  over  from  the  previous  day. 

The  entries  in  blocks  8  (NOR  transaction)  and 
10  (WUC)  on  this  card  are  the  same  as  on  the 
closed  out  card.  Block-  5  (transaction  date) 
contains  the  new  Julian  date.  Block- 6  (trans- 
action time)  is  0000  (begin). 

If  the  closeout  was  effected  because  the  item 
of  GSE  became  NOR  for  another  reason  or  the 
item  became  OR,  the  card  is  clocsd  out  as  shown 
in  figure  2-5 . 

Blocks  5,  6,  8,  and  10  are  completed  as 
previously  discussed  for  the  beginning  of  the 
NOK  condition. 
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Figure 2>3.-GSE  data  card  reporting  NORAIM  (unscheduled)  condition,  end  of  doy  closeout* 
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Figure  2-6.-GSE  data  card  rep^orting  utilization  data* 
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Enter  in  block  6  {end)l^e  closeout  time  in 
hours  and  minutes.  Subtract  begin  time  from 
end  time  and  enter  the  difference  in  block  6 
(diff).  Convert  the  elapsed  NOR  time  to  hoUrs 
and  tenths  and  enter  in  block  6  (total).  Enter  in 
block  7  (AWM  hours)  in  hours  and  tenths  that 
portion  of  the  total  NOR  time  during  which  the 
item  of  GSE  was  NORM  and  no  work  was  being 
performed  on  the  item. 

If  the  closeout  was  effected  due  to  the  item 
becoming  NOR  for  another  reason,  a  new  card 
must  be  initiated,  as  previously  discussed  for  the 
beginning  of  a  NOR  condition,  reflecting  the 
new  NOR  reaffeon  in  block  8  and  the  transaction 
date  in  block  5.]  Block  6  (transaction  time) 
reflects  a  begin  time  of  I  minute  later  than  the 
closeout  time  on  the  previous  card- 
Utilization  Reporting 

A  GSE  card  is  used  to  report  utilization 
(hours/starts/cycles)  for  all  items  of  GSE  that 
-are  reflected  in  the  master  file  at  the  end  of  the 
month.  GSE  utilization  is  reported  the  last  day 
of  each  month  on  those  units  in  the  custody  of 
each  reporting  custodian.  GSE  on  sub-custody 
to  squadrons  or  other  aaivitics  remains  the 
responsibility  of  the  reporting  custodian.  Desig- 
^hated  personnel  responsible  for  GSE,  within  the 
"^activity  having  sub-custody,  compile  the  utiliza- 
tion data  on  GSE  cards  and  forward  these  cards 
to  the  reporting  custodian  on  the  last  day  of  the 
month. 

All  utilization  data  reported  is  cumulative 
meter  or  logbook  hours/starts/cycles  since  new 
or  since  overhaul.  The  utilization  for  GSE  not 
equipped  with  a  meter,  or  if  the  meterls  broken, 
is  reported  as  cumulative  logbook  hours. 

Prepunched/preprinted  cards  are  usually \used 
for  utilization  reporting.  Figure  2-6  illustrates  a 
GSE  card  reporting  utilization  data..  Completion 
of  the  card  blocks  is  explained  ia  the  folldwing 
paragraphs. 

'  Block  5-Transaction  Date.  The  Julian  date 
for  the  last  day  of  the  month  for  which  the  card 
is  submitted  is  entered  in  this  block. 

Block  12-Utilization.,  A  checkmark  is  entered 
in  the  box  opposite  End  of  Month  Close  Out 
(transaction  code  53),  The  hours  being  reported 
on  the  prime  unit  of  GSE  are  entered  in  block 
12.1  (Hour  Meter).  The  cycles/starts  being 


reported  on  the  prime  unit  are  entered  m  block 
12.2  (Start  Meter).  If  the  item.of  fSE  being 
reported  has  a  secondary  unit,  theliours  for  the 
secondary  unit  are  entered  in  block  12.3  and  the 
cycles/starts  i^.  block  12.4 

When  the  hour/cycle/start  meter  becomes  in- 
operative or  completes  its  cycle,  a  prepunched/ 
preprinted  G§E  card  must  be  completed.  In  this 
case,  the  Yransacrton  Date  (block  5)  is  the 
Julian  date  on  which  the  meter  becomes  inoper* 
ative  or  completes  its  cycle,  A  checkmaric  is 
placed  in  the  box  opposite,Stop  Meter  Reading 
(transition  code  52),  The  total  cumulative  me- 
ter hours/cycles/starts  since  new  or  oyerhaal 
at  the  time  the  meter  becomes 
completes  its  cycle  is  entered  in  block (s)  12.1, 
#2,  .3,  or  A  as  appropriate* 

When  the  hour/cycle/start  meter  is  replaced 
or  begins  a  new  cycle,  a  prepunched/preprinted 
GSE  card  must  be  completed.  The  Transaction 
Date  (block  5)  is  the  Julian  date  on  which  the 
meter  is  replaced  or  begins  its  new  cycle.  A 
checkmark- is  placed  in  the  \ox  opposite  Start 
Meter  Reading  (transaction  cck^e  51).  The  total 
cumulat  ye  hours/cycles/starts  registered  on  the 
new  meter  or  the  meter  that  has  begun  a  new 
cycle  is  entered  in  block(s)  12 J,  .2,  .3,  or  .4, as 
appropriate.  ^ 

From  the  foregoing  it  can  be  seen  that  when  a" 
meter  -  becomes  inoperative  or  completes  its 
cycle,  or  a  new  meter  is  instaUed  or  begins  a  new 
cycle,  the  submission  of  two  GSE  cards  is 
required-one  card  reporting  transaction  code  52 
and  the  other  reporting  transaction  code  51. 
These  cards  are  required  in  order  to  update  the 
data  bank.. 

Correction  Reporting 

In  the  event  that  erroneous'  information 
enters  the  system  either  through  faulty  docu: 
mentation  or  a  data  processing  error,  it  is 
important  that  the  erroneous  information  be 
extracted  from  the  data  bank  and  the  correct 
information  substituted  for  it..  This  is  accom- 
plished by  the  submission  of  a  correction  card 
which  is  identical  to  the  erroneous  card  in  every 
respect  except  for  a  1  entered  in  the  box 
opposite,.  Correction  in  block  H..  The  two 
incorrect  cards  will  cancels  one  another.  A 
second ^C«rd  containing  the  correct  information 
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Figure  2«7.-Sub*custody  and  periodic  maintenance  record. 
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is  then  submitted  with  a  2  entered  in  block  1 1 
opposite  Correction. 

GSEMAINTENAMCE  AND 
CUSTODY  RECORDS 

^o  insure  an  accurate  maintenance  history  of 
each  item_oiLgroHnd  support  equipment  for 
wlnctrMaiiTtem  Requirements  Cards  are  pro- 
vided, three  records  must  be  maintained- the 
Support  Equipmeoit  Sub-Custody  and  Periodic 
Maiolte^^ice  Record,  the  Support  Equipment., 
Custody  and  Maintenance  Record,  and  the 
Groum'  Support  Equipment  Daily  Record-. 

Sub-Custody  and  Periodic 
Maintenance  Record 

The  Sub-Custody  and  Periodic  Maintenance 
Record,  OpNav  Form  47^)0/50,  illustrated  in 
figure  2-7,  is  maintained  on  each  applicable  unit 
of  support  equipment  by  the  support^g  or  iming 
activity.  •     *  / 

The  front  of  the  form  is  used  to  record  basic 
item  identification  and  sub-custody  information. 
The  back  of  the  form  is  used  to  record  operating 
and  periodic  maintenance  information.  It  also 
contains  instructions  for  use  of  the  form.  Entries 
are  made  on  the  periodic  maintenance  record  by 
the  activity  having  prim^  custody  of  the  equip- 
ment, and  whoNloaned  swch  equipment  on  a 
sub-custody  basis.X 

For  tne  most  port,  the  column  .headings  on 
this  form  are  self-explanatory.  On  the  sub- 
custody  record  in  the  column  . titbd  Date  Due 
for  PM  (periodic  maintenance)  enter  the  dat,e  on 
which  scheduled  maintenance  is  due.  The  equip- 
ment is  returned  to  the  prime  custodian  for  the 
accomplishment  of  periodic  maintenance. 

On  the  periodic  maintenance  record,  the 
columns  titled  Hours  and  Starts  are  use^  to 
'record*  operating  data.  Some  types  of  support 
equipment  have  hour  meters  to  register  operat- 
ing, time,  and  some  have  start  meters  to  register 
the  number  of  starts  since,  in  some  cases,  starts 
'  are. more  significant  from  a  usage  standpoint 
than  actual  running  or  operating  time..  Other 
types  of  J^upport  equipment  have  no  provisions 
for  registering  operating  time:  therefore,  the  user' 
-  ofe  the  equipment  must  keep  account  of  daily 
usage. 


Ciistody  and  Maintenance  Record 

The    Custody    and    Maintenance   Record,  . 
OpNav  Form  4790/51,  illustrated  in  tlgures.2-8 
and  2-9,  is  maintained  by  the  supporting  or  ^ 
using  activity  accountable  for  and  having  prime 
custody  of  each  unit  of  equipment,:  Entries  on  ' 
this' form  are  made,  as  required,  in  order  to 
provide  a  maintenance  history.  A  record  is 
maintained  on  each  unit  of  support  equipment 
until  the  unit  is  retired.:  ^ 

The  front  of  this  form  is  divided  into  four 
major  sections.  The  first  section  is  used  to 
record  acceptance  information;  the  second  is  a 
custody  and  transfer  record;  the  third  is  the 
rework  record;  and  the  fourth  ^section  is  the 
pr^seryation/depreservation  record. 

,The  back  of  this  form  is  divided  into  two 
mjt^^' sections.  The  first  section  is  used  to 
rtJ^ird  replacement  of  major  parts,  and  the 
secoad-  is  used  to  record  the  incorporation  of 
technical  directives.  ^ 
Daily  Record 

A  Ground  Support  ^uipment  Daily  Record, 
OpNav  Form  4790/52rillustbted  in  figure  2-10; 
is  maintained  by  the  using  activity  for  each  item 
of  support  equipment.  This  form  is  kept  with 
the  equipment  in  a  suitable  container.  Entries 
are  made  to  refftct  all  preoperational  (daily) 
maintenance  performed,:  Additionally,  this  form 
is  used  to  record  all  operating  times  for  units  not 
equipped  with  meters.  Operating  times  are 
logged  as  hours/starts/miles,  as  appropriate. 

These  records  are  maintained  on  a  monthly 
*  basis.  At  the  beginning  of  eaeh  month,  or  upon 
the  completion  of  a  card  (if  the  completion  is 
first),  the  activity  having  primary  custody  of  the 
equipment  issues  a  new  card  for  each  item  of 
GSE.  These  new  cards  afe  exchanged  for  the 
old/completed  cards.  The  old/completed  cards 
are  retained  on  file  for  3  months,  at  which 
time  they  are  destroyed  If  no  longer  needed. 

The  current  Support  Equipment  Sub-Custody 
and  Periodic  Maintenance  Form  and  the  Support 
Equipment  Custody  and  Maintenance  Record 
accompany  the  equipment  when  transferred 
between  activities  on  a  permanen^iSS.  lAll 
t!?p.e  forms  are  available  through  iocal  irP^y 
activities  as  listed  in  NavSup  Publivt^^JW002, 
Section  IL: 


ERIC 


22 

Z7 


Chapter  2  -  MAINTENANCE  FORMS  AND  RECORDS 


AVIATION  SljIPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


  ■        ■  1 

V^fl^"         '        ' /N^TAUAffON  OF  fbRtlo^N 

jf^^  \  iHC    R   o^^uf  pAmcE  cotiTKPL  r//jies 

1  ^ 

i  1 

i 

\ 

L    ^               \              '»  --                                 •                          .  -  - 

1 

1 

  4^  - 

1     .     -     1    ..  — —  '  ■  -1= 

AS.679 

Figure  2'9.-Cuftody  and  maintenance  record  (back). 
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Figure  2-10.-Daily  record. 
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CHAPTER  3 

PUBLICATIONS 


•  The  primary  purpose  of  technical  publications 
is  to  aid  the  technician  in  accomplishing  assigned 
tasks.  They  are  designed  to  communicate  infor- 
mation and  directions  to  him  in  a  specific 
technical  language.  They  are  prepared  by  the 
manufacturer  of  specific  equipment  and  by  the 
Naval  Air  Systems  Command  or  its  field  activi- 
ties in  accordance  with  specifications  issued  by 
isiavAirSysCom.  They  set  forth  current,  authori- 
tative information  .  concerned  with  material 
upkeep,  check,  test,  repair,  and  operation  in  a 
manner  to  providtJ  for  optimum  product  perfor- 
niance.  It  is  extremely  important,  ana  therefore 
mandatory,  that  all  personnel  responsible  for  the 
operation  and  maintenance  of  ground  support 
equipment  be  thoroughly  familiar  with  these 
publications  and  that  they  use  the  information 
-contained  therein  in  the  daily  execution  of  their 
technical  tasks.  The  technician  or  mechanic  can 
no  longer  properly  perform  all  work  without 
written  technical  aid.  Modem  >  technology  is  a 
constantly  changing  thing  and  demands  con- 
tinuous reference  to  and  use  of  the  approved 
techiiical  publications. 

Although  seme  technical  publications  of 
interest  to  the  ASE  are  issued  by  other  Naval 
Commands,  such  as  Naval  Facilities  Engineering 
Command  and  the  Naval^  Sea  Systems 
Command,  the  majority  are  Issued  by  the  Naval 
Air  Systems  Command.  The; publications  issued 
by  NavAirSysCom  are  knOwn  as  aeronafutic 
publications  and  are  grouped  into  two  major 
classes  or.  groups -those  issued  in  the  form  of 
MANUALS,  .and  those  issued  in  the  form  of 
LETTER  MATERIAL. 

When  a  new  item  of  equipment  is  accepted  by 
the  Is'avy,  manuals  necessary  to  insure  its  proper 
operation  and  upkeep  are  prepared  and  made 
available  to  all  activities  using  and/or  maintain- 
ing the  equipment.  Supplemental  information 
and  other  directive  type  publications  that  must 


be  issued  from  time  to  time  are  issued  in  the 
form  of  letter  material.:  Both  manual  and  letter 
type  publications  may,  on  occasion,  be  properly 
referred  to  as  directives.  Broadly  speaking,  any 
communication  which  initiates  or  governs 
action,  conduct,  or  procedures  is  a  directive. 
Another  term  commonly,  used  to  identify 
manual  and  letter  type  publications  is  technical 
data. 

As  emphasized  throughout  this  manual,  all 
personnel  of  the  ASE  rating  must  use  applicable 
technical  publications  in  the  performance  of 
their  duties.  This  chapter  is  devoted  primarily  to 
the  type  of  information  contained  in  various 
technical  publications  relative  to  the  operation, 
servicing,  and  maintenance  of  support  equip- 
ment,; 

All  aeronautic  publications,  both  manual  and 
letter  type,  are  assigned  a  title  and  code  number. 
When  they  are  available  for  issue,  all  publica- 
tions, except  Instructions  and  Notices,  are  listed 
in  the  Naval  Aeronautic  Publications  Index.  One 
of  the  requirements  for  advancement  to  ASE2  is 
to  be  able  to  use  thd  different  parts  of  this  Index 
to  locate  and  identify  publications  relative  to 
the  maintenance  of  support  equipment.  The 
contents  and  use  of  the  Naval  Aeronautic 
Publications  Index  are  discussed  in  the  first  part 
of  this  chapter. 

NAVAL  AERONAUTIC  PUBLICATIONS 
INDEX 

A  complete  Naval  Aeronautic  Publications 
Index  consists  of  several  individual  publications, 
each  of  which  serves  a  specific  purpose.  They  are 
identified  as  follows: 

Navy  Stock  List  of  Forms  and  Publications, 
NavSup  Publication  2002,  Section  VIII,  Parts  C 
and  D  (commonly  referred  to  as  the  Numerical 
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Sequence  List  or  Numerical  Index). 

Equipment  Applicability  List,  NavAir 
00-500A, 

Aircraft  Application  List,  NavAir  00-500B, 
Directives  Application  List  by  Aircraft  Con- 
figuration, NavAir  00-500C. 

The  content  and  purpose  of  each  of  these 
publications  are  discussed  in  the  following  para- 
graphs, s 

NAVAL  STOCK  LIST  OF 
PUBLICATIONS  AND  FORMS 
(NUMERICAL  INDEX) 

NavSup  Publication  2002  is  a  13-section 
index  of  all  the  forms  and  publications  used 
throughout  the  Navy  and  stocked  by  the  Naval 
Supply  Systems  Command.  Section  VIII  of  this 
Stockjt  List  contains  Naval  Air  Systems 
Command  publicatioi*s.  This  section  is  made  up 
of  four  partS'-A,  B,  C,  and  D.  Parts  A  and-B 
pertain  to  ordnance  publications.  Part  C  and 
Part  D  make  up  one  part  of  the  Naval  Aero- 
nautic Publications  Index.  Part  C  is  the  numeri- 
cal listing  of  manual  type  aeronautic  technical 
publications,  and  Part  D  is  the  numerical  listing 
of  letter  type  publications.  These  two  parts-C 
and  D-are  referred  to  as  the  Numerical  Se- 
quence List  or  Numerical  Index  of  the  Naval 
Aeronautic  Publications  Index, 

Part  C  (manual  publications)  is  divided  into 
subject  matter  groups,  and  all  publications 
within  a  group  are  then  listed  in  numerical  order 
according  to  code  number.  For  example,  all 
manuals  in  the  00  series  are  listed  first,  followed 
by  the  01,  02,  03,  etc.,  through  the  51  series. 
The -listing  includes  the  publication  code  num- 
ber, stock  number, title,  date  of  the  latest  is.sue 
or  revision,  security  classification,  and  requisi- 
tion restriction  code.  In  addition,  each  publica- 
tion is  identified  as  a  basic  issue  or  as  a  change 
to, the  basic  issue.  A  listing  of  the  general  subject 
groups  is  shown  in  table  3-1 . 

Part  D  of  Section  VIII  of  the  Stock  List 
(letter  type  directives)  is  further  divided  into  a 
number  of  subsections.  Most  of  these  sub- 
sections pertain  to  aircraft  and  are  listed  as 
\irframe  Bulletins  and  Changes',  Powerplant 
Bulletins  and  Changes,  Accessories  Bulletins  and 


Changes,  etc.  The  subsection  which  is  of  most 
interest  to  the  ASE  is  the  support  equipment 
section,:  This  subsection  contams'a  listing  of  all 
Support  Equipment  Bulletins  and  Changes.  The 
Bulletins  and  Changes  are  listed  by  publication 
number,  title,  security  classification,  and  date  of 
issue, 

A  table  of  contents  and  a  general  alphabetical 
cross^eference  listing  are  provided  in  each  Part 
(C  and  D)6f  the  Index.  In  addition,  instructions 
Xor  using  the  Index  are  "provided  in  PartC: 
Included  in  these  instructions  are  the  methods 
for  procuring  aeronautic  publications,  the  forms 
and  procedures  required  for  ordering  publica- 
tions, and  explanafions  of  certain  codes  useU  in 
the  Index. 

The  Numerical  Index  inus*  be  used  to  com- 
pletely identify  and,  therefore,  to  order  required 
publications.  However,  the  other  parts  of  the 
Index  (discussed  in  the  following  paragraphs) 
must  be  used  to  determine  what  publications  are 
available  for  a  specific  item  of  equipment  and  to 
check  the  applicability  of  publications  to  spec- 
ific equipment. 

When  an  applicable  publication  number  is 
found  in  one  of  the  other  parts  of  the  Naval 
Aeronautic  Publications  Index,  it  can  be  easily 
located  in  the  Numerical  Index.  Here,  it  can  be 
more'  completely  identified  as  to  title  and 
nomenclature,  slock  number  (for  manual  jype 
publications),  security  classification,  and  any 
restrictions  concerning  the  requisitioning  of  the 
publication.  In  addition,  the  date  of  the  latest 
issue  or  revision  of  the  publication  is  listed..  This 
provides  a  means  whereby  the  issue  and/or 
revision  dates  of  the  publications  on  hand  in  an 
activity  can  be  checked  against  the  dates  listed 
in  the  current  issue  and  supplement  (discussed 
later)  of  the  Numberical  Index,  thus  assuring 
that  the  publications  are  current  Also,  the  basic 
issue  of  a  publication  and  each  change  to  that 
publication  are  identified  by  different  stock 
numbers  and  therefore  may  be  requisitioned' 
separately.  However,  a  requisition  for  the  basic 
issue  automatically  includes  all  current  changes. 

EQUIPMENT  APPLICABILITY  LIST 

Basically,  the  hq||^pment  Applicability  List, 
NavAir  00-500A.  is  a  cross-reference  index 


27 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


Table  3-1  .-General  subject  classification 
numt»efk  for  manual  type  publications 

General  

Aircraft  

Powerplants   .  .   02 

(02 A  Reciprocating  engines,  02B  Jet 
engines,  Q2F  Rocket  engines) 

^  Accessories   *  03 

Hardware  and  Rubber  Material  04 

Instruments  •  

Fuels,  Lubricants,  and  Gases  06 

Dopes  and  Paints  07 

Electronics  08  &  16 

Instructional  Equipment  and  Training 

Aids  ^&28 

Photography  

Aviation  Armament  •  • 

Fuel  and  Oil  Handling  Equipment  12 

Parachute  and  Personal  Survival 

ESquipment  

I^angars  and  Flying  Field  Equipment  14 

Standard  Preservation  and  Packaging 

Instructions  

Machinery,  Tool,  and  Test 

Equipment  17  &  18 

Ground  Servicing  and  Automotive 

Equipment  

Descriptive  Data  Sheets  for  Aviation 

Support  Equipment  20 

Chemical  Equipment  v  .  24  &  39 

^-^leteorology  •  

Ship  Installations  


listing  of  NavAir  manual  type  publications 
according  to  model/type  part  number.  Since  this 
Index  contains  several  thousand  entries, -^ne 
document  would  be  very  cumbersome  to  use. 
For  this  reason,  this  Index  is  divided  into  several 
volumes.  At  the  time  of  this  writing,  there  are 
seven  volumes.  Each  of  the  first  six  volumes 
contains  400  pages  and  Volume  7  contains  the 
remaining  entries.  With  the  exception  of  several 
small  sections  in  the  first  part  of  Volume'  1 ,  the 
Equipment  Applicability  List  is  one  continuous 
index  of  model/type  part  numbers  listed  in  strict 
alphanumerical  sequence.  In  addition  to  an 
Introduction,  the  other  sections  in  the  first  part 
of  Volume  1  pertain  primarily  to  manuals  for 
aircraft,  weapons  systems,  and  aircraft  engines. 
Therefore,  the  publication  numbers  are  listed 
according  to  aircraft,  aircraft  engine,  and  wea- 
pons system  designation.  Of  these  sections,  the 
one  pertaining' to  Allowance  Lists  is  most  im- 
portant to  the  ASE.  Allowance  Lists  are  discus- 
sed later  in  this  diapter.. 

The  format  of  the  alphanumerical  listing  is 
illustrated  in  figure  3-1.  Specific  examples  of 
model/type  part  numbers  pertaining  to  support 
equipment  were  selected  to  illustrate  some  of 
the  various  codes  and  abbreviated  statements 
used  throughout  the  Index.  These  entries  are 
discussed  in  the  following  paragraphs.  A  com- 
plete list  with  explanations  of  all  codes  and 
statements  used  in  the  Index  is  contained  in  the 
Introduction,  located  in  the  first  part  of  Volume 
1 This  Introduction  also  contains  other  valuable 
information  concerning  the  use  of  the  Index. 
It-is  important  that  all  users  of  this  Index  thor- 
oughly study  this  section  and  become  familiar 
with  its  contents. 

NOTE:  It  must  be  emphasized  that  the  entries 
in  figure  3-1  were  selected  to  illustrate  the 
format  and  use  of  the  Equipment  Applicability 
List.  Although  the  information  concerning  these 
entries  was  current  at  the  time  of  this  writing,  all 
or  any  part  of  it  is  subject  to  change  from  timt 
to  time.  Therefore,  the  latest  edition  and  supple- 
ment (discussed  later)  of  the  Equipment 
Applicability  List  must  be  consulted  in  all  cases. 

The  column  headings  of  the  Equipment 
Applicability  List  consist  of  two  lines.  (See  lines 
(1)  and  (2)  of  figure  3-1.)  Line  (1)  pertains  to 
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(1) 

(2) 

(3) 
(4) 
(5) 

(6) 
(7) 
(8> 
(9) 

(10) 
(11) 
(12) 

(i:) 

(14) 

(15) 
(lb) 

(i7) 
(18) 
(19) 
(20) 

(21) 
(22) 

(23) 
(24) 

(25) 
(26) 

(27) 
(28) 

(29) 
(30) 


aODEL/TYPfc  PAKf  NO..  y^QOR 
AER046A 


Mr  )3 


A.V629S-1 

' AS40-OO31 

3007 

K54402 
378782 

569180 

63A109JI 

64A99E1 

682570-1 

918104-1 


82  386 

99999 

82386 

36659 

882  76 
70210 

55168 

99999 

82386 

99193 

36659 


NOMtNCUTl>RE 

IKCH  DATAxNO.- 

\ 

WLAPONS  LOADER 
19-15BE-3 
19-600-65-6-1 

HYO  TEST  STAND 
17-15BF-39 
17-600-33-6-1 
17-600-2  3-6-4 

RECUUrOR 

03-10A3C-504  ' 
03-3OELE-5O1 

TEST  SIAXD 
17-15BF- 39 

PLATFORM  SERVICING 
19-15-21 


NEXT  HIGHER  ASSEMBLY  SUPPL  REVURKS  SUPPL  PART  NO  DATA 
TYPE    TECH  DATA  STK  NO.  AV  SC 


05 
37 


15 
37 
37 


10 

10 


15 
12 


0819-008-9000 
0819-042-5000 


0817-057-6000 
0817-110-8500 
0817-110-9000 


0803-152-5000 
080  3-360-2000 


0817-057-60Q0 
0819-001-2000 

0819-035-4500 


DOLLY  . 

19-15A-41  04 
GAS  TL'RBIN'E  PLl'MBINC 

19-105B-15  10 

FILTER  ASSY 

LNDER  REVIEW 

LXTRASONIC  CLEANER 
UN'DER  PROCL'REMENT  15 

TEST  STAND 

17-158E-39'  15  0817-057-6000 

REFRIGERATION  UNIT  378782 

19-105B-15  10  0819-035-4500 

PUTFOR.M  SERVICING 

19-15-21  12  0819-001-2000 


EQUAL  TO  64A99E1 


EQUAL  TO  AHT63 
SUPS  COMPL  918104-1 


EQUAL  TO  A840*0031 


SUPSD  COMPL  BY  BOO 7  i 


.yOiE:    The  sequential  line 
^  purposes  o;iiv. 


nur.Ders-(l)»  (2),  (3),  etc. -in  the  left  margin  are  for  explanation 


AS  668 

Figure  3-1  .-Format  of  Equipment  ApplicabHity  List,  NavAir  00-500A. 


information  about  the  specific  item  of  equip- 
ment. This  information  is  listed  under  the  ap- 
propriate headings  in  the  line  corresponding  to 
the  model/type  part  number,  as  shown  in  lines 
(3),  (6K  (10),  (13),  etc.  The  headings  in  line  (2) 


pertain  to  the  status  of  publications  for  each 
model/type  part  number.  This  information  is 
listed  on  a  line,  or  lines,  under  the  information 
concerning  the  model/type  part  number.  For  ex- 
ample, the  information  listed  in  lines  (4)  and  (5) 
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corresponds  to  the  headings  in  line  (2)  and  per- 
tains to  the  publications  for  the  AER046A  Wea- 
pons Loader  listed  in  line  (3). 

The  type  of  information  listed  under  each 
column  heading  is  discussed  in  the  following 
paragraphs. 

MODEL/TYPE  PART  NO.-The  identifying 
number  of  the  specific  item  of  equipment  or 
systeni  is  listed  in  this  column.  Some  items  of 
equipment  are  identified  by  more  than  one  part 
number.  In.  these  cases,  all  of  the  identifying 
numbers  are  listed  with  each  number  in  alpha- 
numerical  sequence.  For  example,  the  numbers 
listed  in  this  column  on  lines  (6),  (13),  and  (25) 
are  different  numbers  for  the  same  hydraulic 
test  stand.  AHT63  is  the  model  number, 
A840-(X)31  is  the  manufacturer's  part  number, 
and  64A99E1  Is  the  Navy  part  number 

VENDOR-The  appropriate  five-digit  code 
which  identifies  the  contractor  or  government 

.  agency  that  manufactured  the  item  of  equip- 
ment is  listed  in  this  column.  (Cataloging  Hand- 

'  books  H4-1  and  H4-2  should  be  referred  to  for 
the  interpretation  of  these  codes.  If  a  vendor 
cod^  is  not  firmly  established  at^he  time  the 
iteni  of  equipment  is  listed,  in  the  Index,  the 
code  99999  is  inserted.  (See  lines  (10)  and  (23) 
in  figure  3-1.)  As  these  vendor  codes  are  esta- 
blished, appropriate  changes  will  be  made  in 
subsequent  issues  of  this  Index. 

NOMENCLATURE-A  brief  description  of 
the  item  of  equipment  is  listed  in  this  column. 
The  examples  (WEAPONS  LOADER,  HYD 
'  -  TEST  STAND,  etc.)  illustrated  in  figure  3-1  jire 
typical  of  the  descriptions  used  throughout  the 
Index. 

NEXT  HIGHER  ASSEMBLY-In  some  cases, 
technical  manuals  are  not  required  for  a  specific 
item  of  equipment  because  the  necessary  in- 
formation is,  or  will  be,  included  in  the  technical 
manuaUs)  for  the  next  higher  assembly..  In 
these  instances,  the  model/type  part  number  of 


^  / 

the  next  higher  assembly  is  listed  in  this  column, 
for  example,  the  required  information  for  the 
Refrigeration  Unit  listed  in  line  (27)  of  figure  3-1 
is  included  in  the  publication  for  the  Gas  Turbine 
Plumbing  listed  in  line  (19).  As  illustrated  in 
line  (27),  the  part  number  (378782)  of  the  Gas 
Turbine  Plumbing  is  listed  in  the  NEXT  HIGHER 
ASSEMBLY  column. 


SUPPL  REMARKS  (Supplementa^Remarks)- 
An  entry  is  included  in  this  column  if  the  num- 
ber listed  under  the  MODEL/TYPE  PART  NO. 
is  supplemented  with  other  part  number  infor- 
mation. The  descriptive  statements  EQUAL  TO 
in  lines  (6),  (13),  and  (25),  SUPS  COMPL 
(supersedes  completely)  in  Hne  (15),  and  SUPSD 
COMPL  BY  (superseded  completely  by)  in 
line  (29)  are  examples  of  the  entries  listed  in 
this  column..  Other  entries  sometimes  listed  in 
this  column  are  INTERCHANGEABLE:  SUPSD 
PART  BY  (superseded  partially  by),  and  SUPS 
PART  (supersedes  partially). 


SUPFL  PART  NO.  DATA  (Supplem4tal  Part 
Number  Data)- A  part  number  liste»in  this 
column  is  associated  with  the  statement  listed  in 
the  SUPPL  REMARKS  column.  Examples  of 
this  type  entry  are  illustrated  in  lines  (6),  (13), 
(15),  (25),  and  (29).  Refer  to  the  numbers  listed 
in  this  column  on  lines  (6),  (13),  and  (25).  As 
explained  previously,  these  are  different  num- 
bers for  Lhe  same  hydraulic  test  stand.  Although 
there  are  three  different  numbers,  only  one  is 
listed  in  each  space.  It  should  be  noted,  how- 
ever, that  regardless  of  which  number  the  user  of 
the  Equipment  Applicability  List  looks  up  first, 
he  will  be  directed  systematically  through  all 
three  part  numbers.  For  example,  assume  that 
the  only  number  an  ASE  has  available  for  this 
hydraulic  test  stand  is  64A99Elo  When  he 
locates  this  number  in  the  Index,  he  is  referred 
to  part  number  A840-0031.  By  locating  this 
number,  he  is  referred  to  AHT63-  When 
he  locates  AHT63  he  is  referred  again  to  the 
original   part  number,  64A99E1.:  This  type 
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arrangement  is  used  throughout  the  Equipment 
Applicability  List  when  two  or  more  numbers 
are  listed  Tor  the  same  item  of  equipment.; 

TECH  DATA  NO.:  (Technical  Data 
Number)-The  applicable  current  technical 
manual  and  all  proposed  technical  manuals 
(those  which  have  been  numbered  but  have  not 
been  published)  are  listed  in  this  column.  The 
technical  manuals  are  Ijsted  by  code  number  as 
illustrated  by  all  entries  in  this  column  of  figure 
3-1  with  the  exceptions  on  lines  (22)  and  (24). 
(The  numbering  system  (code  numbers)  for 
technical  manuals  is  discussed  later  in  this 
chapter.)  If  the  technical  manual  numbers  have 
not  been  assigned,  or  it  has  not  been  detennined 
if  technical  manuals  will  be  procured,  or  if 
coverage  will  not  be  contained  in  a  NavAir 
technical  manual,  a  qualifying  statement  is 
entered  in  this  column.:  For  example,  the  state- 
ment UNDER  REVIEW,  in  line  (22)  means  that 
the\part  number  has  been  submitted  to  the 
Naval  Air  Technical  Services  Facility  (NATSF) 
for  possible  action,  but  no  decision  has  been 
made  prior  to  the  date  of  the  current  issue  of 
the  Index.  The  statement,  UNDER  PROCURE- 
MENT, listed  in  hne  (24)  indicates  that  publica- 
tions are  being  proceed  for  this  item  of 
equipment  but  the  piftlication  numbers  have 
not  been  assigned.  The  Introduction  in  the  first 
part  of  Volume  1  of  the  Index  should  be 
consulted 'for  explanations  of  other  qualifying 
statements  used  in  this  column. 

TYPE-A  code,  which  corresponds  to  the 
lype  of  technical  manual,  is  listed  in  this 
column.  For  example,  the  number  05  in  line  (4) 
is  the  code  for  Operation  and  Service  Instruc- 
tions Manuals,  and  the  number  37  in  line  (5)  is 
the  code  for  Maintenance  Requirements  Cards 
for  Ground  Support.  Since  the  use  of  these 
particular  codes  is  lioiited  to  the  Equipment 
Applicability  List,  a  complete  list  of  the  differ- 
ent types  of  manuals  and  their  corresponding 
codes  is  listed  in  the  Introduction  in  Volume  1, 
The  different  types  of  technical  manuals  applic- 


able to  the  maintenance  of  support  equipment 
are  discussed  later  in  this  chapter. 


TECH  DATA  STK  NO.  (Technical  Data  Stock 
Number)-The  National  Stock  Number  for  order- 
ing the  publication  is  listed  in  this  column.. 

AV  (Availability  Code)-The  letter  **A"  in 
this  column  indicates  the  technical  manual  is 
available  and  may ^  be  requisitioned  from  the  ^ 
supply  system  by  / using  the  applicable  stock 
number.:  Bfjfore  of^dering,  the  Numerical  Index, 
NavSup  2002,  Sei^^ion  VIII,  Part  C,  and  its  latest 
supplement  should  be  checked  for  the  complete 
publication  title,,date,  and  requisition  restriction 
code.  A  blank  space  in  this  column  indicates  the 
technical  manual  is  not  available  as  of  the  date 
of  the  current  Index  and  no  attempt  should  be 
made  to  order  this  manual  from  the  supply 
system., 

SC  (Security  Classificatioa)-Technical 
manuals  list^  are  unclassified  unless  the  letter  C 
(Confidential)  or  the  letter  S  (Secret)  is  listed  in 
this  space. 

'     '  I 

AIRCRAFT  APPLICATION  LIST 

/ 

The  Aircraft  Application  List,  NavAir 
00-500B,  contains  a  listing  of  Naval  Air  Systems 
Comiiiand  technical  manuals  grouped  according 
to  their  application  to  an  aircraft.  The  aircraft 
are  arranged  by  modeLnumber  and  are  grouped 
in  series  according  to  their  mission  (Attack 
Series,  Cargo/Transport  Series,  Fighter  Series, 
etc.).  The  applicable  technical  manuals  are  listed 
by  code  number  under  each  model  of  aircraft.. 
The  manuals  are  grouped  in  numerical  sequence 
according  to  the  General  Classification  numbers 
listed  in  table  3-1.  The  groups  include  the  00, 
,01,02,  03,05,  11,  I3,08&  16,  17&  i8,and  19 
series.  Groups  00  (Allov^ance,  Lists),  17  &  18 
(Machinery,  Tool,  and  Test  Equipment),  and  19 
(Ground  Servicing  and  Automotive  Equipment) 
are  of  most  interest  to  tlte  ASE. 
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The  Aircraft  Application  List  is  especially 
useful  for  determining  what  manuals  are  avail- 
able for  a  particular  model  aircraft.  A  listing  of 
basic  numbering  categories  is  prp(vided  in  the 
first  few  pages  of  the  list.  This  lifting  may  be 
used  in  determining  the  general  t^pe  of  equip- 
ment covered  in  the  pi»blication.  For  deter- 
mining the  specific  item  of  equipment  covered 
by  ^  publication  and  the  title  of  the  publication, 
reference  should  be  made  to  Part  C  of  Section 
VIII  in  NavSup  2002.  > 

DIRECTIVES  APPLICATION  LIST 

Basically,  the  Directives  Application  List  by 
Aircraft  Configuration,  NavAir  00-500C,  is  a 
listing  of  the  active  Naval  Air  Sy steps  Command 
letter  type  technical  directives  (Bulletins  and 
Changes)  with  respect  to  their  applicability  to  an 
aircraft.  It  serves  the  same  purpose  for  letter 
type  technical  directives  as  the  Aircraft  Applica- 
tion List  does  for  technical  manuals.  The 
applicable  technical  directives  are  listed,  by 
number,  under  each  configuration  of  aircraft 
model.  (NOTE;  Configuration  refers  to  modifi- 
cations made  to  a  basic  aircraft  model.  For 
instance,  A-4A,  A-4B,  TA-4F,  etc.,.  are  all 
different  configurations  of  the  A-4  aircraft 
model.) 

The  directives  are  also  grouped  according  to 
type  under  each  configuration  of  aircraft  model. 
The  types  of  directives  consist  of  Airframe 
Bulletins  and  Changes,  Accessory  Bulletins  and 
Changes,  etc.  Among  these  types  are  Support 
Equipment  Bulletins  and  Changes.  As  indicated, 
these  support  equipment  directives  are  applic- 
able to  specific  aircraft  configuration(s).  Such 
directives  may  involve  the  modification  of  the 
aircraft  to  accommodate  certain  test  or  other 
type  support  equipment,  the  modification  of  an 
item  of  support  equipment  for  a  particular 
configuration  of  aircraft  model,  or  the  modifica- 
tion of  an  item  of  special  support  equipment  for 
a  particular  aircraft  configuration. 

A'**Generar*  Series  is  included  in  the  last  part 
of  NavAir  00-500C.  This  section  consists  of 
those  technical  directives  which  are  not  limited 


to  any  specific  aircraft  but  may  be  pertinent  to 
equipment  used  in  conjunction  with  all  or,  at 
least,  several  aircraft  models.  Like  the  preceding 
sections  of  this  Index,  the  listings  of  directives  in 
the  General  section  are  grouped  according  to 
type.  Included  are  listings  of  Support  Equip- 
ment Bulletins  and  Changes.  As  indicated  pre- 
viously, these  directives  are  of  a  general  nature 
and  often  involve  improvement  in  performance, 
reliability,  and/or  safety  of  the  specific  item  of 
equipment.  For  example.  Support  Equipihent 
Change  1487  is  listed  in  this  section.  This 
directive  pertains  to  the  NHS  Hydraulic  Power 
Supply  Cart  and  involves  modifications  to 
improve  reliability  and  decrease  service  mainte- 
nance on  this  item  of  equipment., 

NOTE*  Bulletins  and  Changes  are  discussed  in 
more  detail  later  in  this  chapter.  ^ 

UPDATING  THE  INDEX 

As  indicated  by  the  previous  discussions,  the 
different  Lists  of  the  Naval  Aeronautic  Publica- 
tions Index  provide  various  cross-reference  lists 
whereby  techni<^ans  and  mechanics  can  locate 
and  identify  available  technical  publications  ap- 
plicable to  specific  items  of  equipment.  The  In- 
dex has  undergone  many  changes  to  improve 
this  system  of  indexing  technical  publications. 
Although  the  Equipmfnt  Applicability  List, 
NavAir  00-500A,  has  been  a  vital  part  of  the 
Index  for  several  years,  it  has  recently  under- 
gone a  major  revision  which  is  reflected  in  the 
previous  discussion.:  The  listing  of  each  change 
to  manual  type  publications  separately  under 
different  stock  numbers  is  a  recent  change  to 
Part  C  of  fhe  Numerical  Index.  Explanations  of 
such  changes  are  included  in  the  introductory 
pages  of  the  affected  List.  Therefore,  when  new 
issues  of  the  lists  are  received,  the  introductory 
pages  should  be  checked  thoroughly  for  any 
changes  that  may  have  been  incorporated. 

The  publications  listed  in  the  Index  continu- 
ally change.  New  equi|)ment  requires  new 
publications.  Old  and  obsolete  equipment  is 
retired  and  the  applicable  publications  are  can- 
celed. Changes  to  equipment  require  additional 
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publications  and/or  changes  and  revisions  to 
existing  publications.  Therefore,  some  means 
mUst  be  provided  to  update  the  Naval  Aero- 
nautic Publications  Index,  To  accomplish  this, 
each  List  of  the  Index  is  updated^  at  regular 
intervals'  by  the  issuance  of  a  new  List.  In 
addition,  some  of  the  Lists  are  kept  current  by 
the  periodic  issuance  of  supplements  between 
issues  of  the  complete  List.  The  methods  used  to 
update  each  List  are  discussed  in  the  following 
paragraphs. 

NOTE:  The  following  information  concerning 
the  dates  and  intervals  for  the  issuance  of  new 
Lists  and  supplements  was  current  at  the  time  of 
this  writing.  However,  these  dates  and  intervals 
iufvt  changed  from  time  to  time  in  the  past. 
Therefore,  the  introductory  pages  of  each  new 
ba$ic  List, and  supplement,should  be  checked  for 
any  changes  of  these  dates  and  intervals. 
.  The  Numerical  Sequence  List  (Parts  C  and  D 
of  NavSup  Publication  2002)  is  issued  annually. 
The  effective  date  of  each  new  issue  is  1 
September.  A  separate  supplement  for  each  Part 
is  issued  bi-monthly-November,  January, 
March,  May,  and  July.  These  supplements  are 
cuniulative;  that  is,  all  material  from  the  pre- 
ceding supplement  is  incorporated  into  the  latest 
supplement.  For  example,  the  July  supplement 
lists  all  publications  that  were  issued,  revised,  or 
canceled  since  the  issuance  of  the  May  supple- 
ment plus  all  of  the  publications  that  were  listed 
in  the  four  preceding  supplements.  Therefore, 
not  more  than  one  supplement  is  in  effect  for 
each  Part  (C  and  D)  kt  any  given  time.  Naturally, 
the  reissue  of  the  basic  List  cancels  the  outstand- 
ing supplement* 

The  publications  are  listed  in  the  supplement, 
in  a  manner  similar  to  that  of  the  corresponding 
Part  (C  and  D)  of  the  basic  List.  That  is,  the 
items  in  the  supplement  for  Part  C  are  listed  in 
publidation  number  sequence  in  accordance  with 
the  general  subject  groups  shown  in  table  3-1, 
New,,  revised,  and  canceled  publications  are  all 
listed^  together  in  numerical  sequence. 

The  supplement  for  Part  D  is  divided  into  two 
sectidns.  The  first  section  lists  new  and  revised 
publications  in  a  manner  similar  to  that  of  the 
basic  List.  The  second  section  lists  all  canceled 
publications  in  the  same  format  as  the  first 
section. 
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The  Equipment  Applicability  List,  NavAir 
00-5 OOA,  is  issue^^  annually,  effective  1  Novem- 
ber. S  u p p  1  e m 6ii  ts  are  issued  quarteriy- 
February,  May,  ai^  August.  The  format  of  the 
supplement  is  the^ame^s  that  of  the  basic  List 
with  the  additkJn  of  a  column  which  indicates 
whether  the  listed  igodel/Type/Part  Number  is 
new  (N),  changed  (C),  or  deleted  (D).  Like  the 
supplements  for  the  Numerical  Sequence  List, 
these  supplements  are  also  cumulative. 

The  remaining  parts  of  the  Naval  Aeronautic 
Publications  Index  are  issued  semiannually.  The 
Aircraft  Application  List,  NavAir  00-500B  is 
issued  in  March  and  September;  the  Directive 
Application  List  by  Aircraft  Configuration, 
NavAir  00-500C,  is  issued  in  January  and  July. 


PUBLICATIONS  NUMBERING 
SYSTEM 

Code  numbers  are  assigned  to  all  publications 
in  order  that  they  may  be  identified,  indexed, 
and  filed.  A  knowle^dge  of  the  numbering  sys- 
tems used  will  enable  the  ASE  to  locate  any 
desired  information  with  a  minimum  of  effort. 
A  brief  explanation  of  the  coding  of  publica- 
tions listed  in  the  Index  is  presented  in  the 
following  paragraphs. 

Manuals 

. 

Code  numbers  assigned  to  manuals  consist  of 
a  prefix  and  a  series  of  three  parts.  All  manual 
type  publications  are  listed  in  the  Index  with  the 
prefix  NA.  This  is  the*^  shortened  form  for 
NavAir  and  identifies  those  publications  origi- 
nated by  the  Naval  Air  Systems  Command. 
However,  the  prefix  NW  appears  on  some  of  the 
older  publications.  This  is  the  shortened  form 
for  NavWeps  and  indicates  those  publications 
originated  by  the  Bureau  of  Naval  Weapons 
before  it  became  the  Naval  Air  Systems  Com- 
mand. When  these  publications  are  revised  the 
prefix  will  be  changed  to  NA. 

The  three  parts  which  make  up  the  remaining 
portions  of  the  number  indicate  the  following: 

Part  I  is  a  two-digit  number  that  indicates  the 
general  subject  classification  of  the  equipment 
covered  by  the  publication.  Table  3-1  lists  the 
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Part  III 
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Table  3-2.-Subject  breakdown  of  Series  17 
and  19  manual  type  publicatiom 
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Figure  3-2,-identlfication  and  decoding  of 
manual  pUblicatbn  code  number. 

general  subject  categories  and  the  appropriate 
two-digit  numbers. 

Part  II  of  the  publication  code  number 
consists  of  numbers  and/or  numbers  and  letters 
and  indicates  the  specific  class,  group,  type,  or 
model  and  manufacturer  of  the  equipment.  The 
subject  breakdowns  of  the  17  and  19  series  are 
listed  in  table  3-2. 

Part  III  consists  of  a  number  or  numbers 
which  designate  a  specific  manual.  Fof  some 
manuals,  this  number  designates  a  specific  type 
of  minual;  however,  for  thpse  pertaining  to 
support  equipment,  this,  part  is  assigned  in 
numerical  sequence  and  has  no  reference  to  the 
type  of  manual. 

Figure  3-2  illustrates  the  identification  and 
decoding  of  a  complete  manual  publication 
number.^ 

Letter  Type  Material 

There  are  two  numbering  systems  used  to 
identify  letter  type  publications  pertaining  to 
support  equipment  .  They  are  as  follows:, 

1,  Numbered  in  consecutive  order  according 
to  specific  application.  For  example.  Support 
Equipment  Change  590  is  the  590th  change  that 
has  been  issued  pertaining  to  support  equip- 
ment, The  changes  pertaining  to  all  support 
equipment  are  grouped  together  and  numbered 
in  sequence..  Bulletins  are  numbered  in  the  same 
way;  however,  those  pertaining  to  specific  items 
of  auxiliary  power  servicing  equipment  are 
numbered  separately  by  each  item  of 
equipment. 
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17   Series  -  Machinery,  Tools,  and  Test 
Equipment 

17-1  Slwp  and  Warehouse  Machinery, 

Tools  and  Equipnuent  General. 
17-5  Shop  and  Wareb^se  Machinery, 

Powered  Tools  and  Equipment..- 
17-10  Shop  and  Warehouse  Machinety, 

Powered  Tools  and  Equipment. 
17-15 .  ,  .  .  .  Laboratory  and  Shop  Test  and  In* 

spection  Equipment. 
17-20  Instrument     Calibration  Pro- 

cedures. 

17-25  Measurement  System  Operation 

Procedures. 

17-30  Cross-check  Procedures. 

17-35  Miscellaneous  Calibration  Pro- 
cedures. 

17-600  ....  Ground  Support  Maintenance  Re- 
quirements Cards.  \ 

19   Series  -  Grcind  Servicing  and  Automotive 
EquiiHnent 

19-1  .....  General. 

19-5  .  «  .  .  .  Oxygen  Eqyipment^  c 

19*10  Airfield  Lighting  Equipment. 

19-15  Platforms  and  Scaffolds, 

19-20  PortaWe  Shop  Equipment. 

19-25  Fire  Trucks,  Miscellaneous 

Trucks  and  Trailers*  ^ 

19-30  Field  Starters  (Mobile). 

19-35  Air  Compressors  (other  than  for 

Power  Plants). 

19-40  Tractors  and  Aircraft  Towing. 

19-45  Mobile  Electric  Power  Plants* 

19-50  Generators  for  Other  Hum  Poweir 

Plants. 

19-60  Portable  Heaters  and  Coolers. 

19-65.  ....  Pressure  Controls. 

19-70  Aircraft  I^drauli^  Jacks. 

19-75  Generator  Skid  or  Trailer  Mount- 
ed (Gas  Nitrogen). 

19-80  Motorized     Material  Handling 

Equipment. 

19-105  ...  .  Gas  Turbine  Compressors  and 
Power  Unlts^and  Enclosures. 

19-llOA  .  .  .  Blower,  Gasoline  Driven. 

19-600  ....  Ground  Support  Maintenance  Re- 
quirements Cards. 
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2.  Numbered  in  consecutive  order  according 
to  subject  matter.  This  method  covers  all  Naval 
Air  Systems  Command  Instructions  and  Notices. 
An  example  is  NavAir  Instruction  10340.1.  The 
number  10340  indicates  the  general  subject  of 
the  instruction,  and  the  .1  indicates  it  is  the  Hrst 
instruction  issued  by  the  Naval  Air  Systems 
Command  on  tha\  particular  subject.:  Notices 
carry  the  general  subject  number  only,  and  do 
not  carry  a  point  nuntber  (i.e.,,1 ). 
,  NOTE:  Instructions^nd  Notices  are  not  listed 
in  the  Naval  Aeronautic^ublications  Index. 

SECURITY  OF  CLASSIFJED 
PUBLICATIONS  \ 

The  Navy  Supplement  to  the  DOD  Informa- 
tion Security  Program,  OpNav  Instruction 
5510.1  (Series),  issued  by  the  Chief  of  Naval 
Operations,  is  the  basic  security  dj^ctive  relat- 
_  ing  to  safeguarding  classified  infdcmation.  Its 
*  pYovisions  apply  to  all  military  and  civilian 
personnel  and  all  activities  of  the  Naval  Estab- 
lishment,: 

The  manual  contains  detailed  instructions  for 
classifying,  marking,  and  handling  classified 
information,  and  for  access  to  an  authorized 
disclosure  of  the  information* 

The  ASE,  from  time  to  time,  has  occasion  to 
use  classified  publications  relating  to  the  perfor- 
mance of  his  work.  Before  he  accepts  ,such 
publications  he  must  be  cleared  to  the  appro- 
priate degree  to  handle  this  classified  matter..  It 
is  then  mandatory  that  he  have  a  knowledge  of 
and  abide  by  the  instructions  in  the  Security 
Manual  pertaining  to  handling  classified  mate- 
,  riaL 

Publications  listed  in  the  Numerical  Index 
(?arts  C  and  D  of  Section  VHI  of  NavSup 
Publication  2002)  are  unclassified  unless  otjier- 
wise  marked  "1"  (confidential)  or  "4''  (secret) 
in  the  column  headed  *-PS"  (physical  security).. 
As  explained  previously,  classified  publications 
listed  in  the  Equipment  Applicability  List, 
NavAir  00-500iA,  are  identified  by  the  letter  C 
(confide'riTial)  or  ithc  letter  S  (secret)  in  the 
column  headed  '*SC"  (security  classification). 
Classified  publications  are  identified  in  the  same 
manner  in  the  supplement  to  the  respective 
Lists.  7 


PROCUREMENT  OF  PUBLICATIONS 

There  are  four  main  methods  of  procuring 
publications  relating  to  the  operation  and  main- 
tenance of  ground  support  equipment. 

The  first  method  is  initial  outfitting.  The 
Naval  Air  Technical  Service  Facility  (NATSpy 
automatically  provides  the  prospective  com- 
manding officer  of  a  newly  comm/  sioned  or 
reactivated  ship,  station,  or  activity  an  outfitting 
of  general  aeronautic  publications. 

Specific  publications  obtained  under  Aero- 
nautic Technical  Publications  Outfitting  Allow- 
ance constitutes  another  prime  source  of 
publications.  Initial  distribution  is  pro\|ided  by 
NATSF  to  a  newly  commissioned  or  reactivated 
activity,:  When  supported  activities  chajige  mis- 
sion of  aircraft,  support  equipment  requirements 
often  change..  Such  changes  may  require  a 
different  set  of  publications.  Upon  such  a 
change,  an  Aeronautic  Technical  Publications 
Outfitting  Allowance,  applicable  to  thb  model 
designation  of  the  aircraft  and  eqUipment 
involved,  may  be  obtained  by  letter  Wquest 
from  the  commanding  officer  to  NATSF. 

The  third  source  of  publications  is  through 
inclusion  in  automatic  distribution  lists.  The 
NATSF  normally  provides  for  ^he  issue  of 
certain  future  issues  of  new  and  revised  publica- 
tions directly  to  affected  activities.  Activities 
desiring  to  receive  future  issues  of  new  and 
revised  publications  must  submit  a  **Mailing  List 
Request  for  Aeronautic  Publications''  (currently 
Form  NavAir  5605/3)  to  the  Commanding 
Officer,  NATSF.- Personnel  of  the  support  equip- 
ment work  center  desiring  to  receive  particular 
issues,  reissues,  and  revisions  of  publications 
should  make  their  requirements  known  to  the 
technical  library  so  that  they  may  be  included 
on  the  next  submission  of  Form  5605/3,  . 

The  fourth  method  of  procuring  publications 
is  by  ordering  individual  publications  direct; 
Manual  type  publications  listed  in  Part  C  of  the 
Numerical  Inidex  must  be  ordered  pn  a  Single 
Line  Item  Requisitioning  System  Documeitt 
(DD  Form  1348  or  DD  Form  1348m).,  Technical 
letter  type  publications  listed  in  Part  D  of  the 
Numerical  Index  must  be  ordered  on  DD  Form 
I  149,  The  use  of  any  of  these  three  forms  will 
not  result  in  being  placed  on  the  distribution  iiht 
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to  receive  future  issues  or  revisions  of  publica- 
tions ordered,: 

Detailed  information  concerning  the  procure- 
ment of  areonautic  publications  may  be  found 
in  the  Naval  Aeronautic  Publications  Index. 

MANUAL  TYPE  PUBLICATIONS 

As  shown  in  table  3-1.  manuals  are  published 
in  a  number  of  different  subject  categories. 
Those  of  special  interest  to  the  ASE  are  the 
General  Manuals  (00  series)  and  Support  Equip- 
ment Manuals  (17  and  19  series).  Certain  manu- 
als in  other  series  may  be  used  occasionally,  but 
those-  listed  here  are  of  special  importance  to  the 
Aviation*Support  Equipment  Technician. 

GEI^ERAL  MANUALS  (00  .ERIES) 

As  indicated  by  the  title,  this  series  of 
manuals  includes  information  of  interest  to  all 
naval  aviation  personnel.  Included  ^re 'three 
parts  of  the  Naval  Aeronautic  Publications  Index 
(00-500  \.  00-506b,  00-500C  described  pre- 
viously), NavAir  Outfitting  Lists  and  Allowance 
Lists,  and  Aviation  Training  Literature. 

Outfitting  Lists  and  Allowance 
Lists  (00-35Q  Series) 

Aircraft  maintenance  support  and  repair  parts 
for  aircraft  maintenance  repair  are  listed  in 
NavAir  Initial  Outfitting  Lists  and  Al Iowa n^ce 
Lists.  T^WL^equipment  and  partsJj^ted-tn'^fHese 
publications  arr^jri^d^-'^vailable  to  aircraft 
operating  aird'TTiaTntenance  activities  in  accor- 
dance with  assigned  ope'^-iional-  and  mainte- 
nance responsibilities  through  appropriate  appli- 
catroTts  of  Allowance  Lists  and  0»»tfitting  Lists. 

The  Aeronautical  Allowance  List  Program  is 
designed  to  cover  the  various  types  of  aircraft 
support  equipmr*"*^  and  repair,  parts  consi'^'ered 
to  be  required  by    laintenance  activities. 

Repair  part.s.  nuts,  bolts  etc.,  are  included  in 
the  public;iticns  identified  as  Initial  Orafitting 
Lists.  Maint«*nance  support  equipiuenl  items 
such  as  test  .st;iiids.  aircraft  jack.s.  lubricating 
guns,  wrenches,  drills,  compass  testers,  and 
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voltmeters  are  included  in  publications  iden- 
tified as  Allowance  Lists, 

These  Lists  are  identified  by  Sections.  Certain 
sections  such  as  A,  H,  and  K  are  ksued  us 
individual  publications.  Others  such  as  B,  R,  and 
Z  appear  as  a  series  of  publications,  each  of 
which  is  applicable  to  a  specific  model  of 
equipment,  model  of  aircraft,  or  type  of  activi- 
ty. 

The  ASE  should  be  especially  familiar  with 
the  following  sections: 

Section  G  Allowance  List,  General  Support 
Equipment.  This  section  lists  general  handtools, 
consumable  support  equipment,  and  installed 
shop  equipment. 

Section  K,  Allowance  List  for  Naval  Aero- 
X  nautic  Publications  and  Forms. 

Section   M   Allowance   Lists.   These  Lists 
'  include  motor  vehicles,  maintenance  parts,  and 
tools. 

Section  Z  Initial  Outfitting  Lists.  These  list 
peculiar  repair  parts  for  mobile  electric  power- 
'  plants,   precision   measuring  equipment,  and 
,  peculiar  and  common  ground  support  equip- 
ment.> 

Allowance  Lists  and  Outfitting  Lists,  in  con- 
junction^with  the  IMRL's  (explained  later  in  this 
chapter),  consist  of  listings  of  the  equipment 
and  material  (both  expendable  and  accoumable) 
necessary  to  place  and  maintain  activities  of  the 
aeronautical  organization  in  a  material  readiness 
condition.  Allowances  contained  in  these  Lists 
are  based  on  known  or  estimated  requirements 
and  on  available  usage  data. 

All  Allowance  List  and  Outfitting  List  code, 
numbers  include  NA  as  a  prefix  (discussed 
previously)  followed  with  00-35Q  plus  the 
section  identification  letter  and  a  dash  number 
to  identify  a  particular  section  or  series.  For 
example,  a  section  Z  Initial  Outfitting  List 
which  contains  a  listing  of  spare  parts  for 
hydraulic  test  stands  *s  numbered  NA  00-35 
QZ-39. 

A  program  closely  related  to  the  Allowance 
Lists  and  Outfitting  Li.sts  is  the  Aircraft  Mainte- 
nance Materia!  Readiness  List  (AMMRL).  This 
pD(5gralT^s?rovides  fof  the  development 'of  data 
apd  documentation  needed  to  determine  and 
establish  firm  support  equipment  requirements 
and  inventory  control  of  aircraft  maintenance 


Chapter  3  -  PUBLICATIONS 


support  equipment.:  Within  the  AMMRL  there 
are  material  readiness  lists,  which  are  discussed 
in  the  following  paragraphs. 

The  Application  Data  Material  Readiness  List 
(ADMRL)  is  used  to  specify  the  requirements 
for  each  item  of  aircraft  maintenance  support 
equipment  against  each  level  of  maintenance  and 
selected  ranges  of  each  aircraft,  engine,  pro- 
peller, and  system  for  which  each  item  is 
needed.:  The  initial  ADMRL  is  established  by 
NavAirSysCom.  Througli  the  use  of  data 
processing  machines  this  data  is  used  to  develop 
Individual  Material  Readiness  Lists. 

TKe  Individual  Material  Readiness  List 
(IMRL)  specifies  Items  and  quantities  of  ground 
support  equipment  required  for  material  readi- 
ness of  the  aircraft  maintenance  activity  to 
which  the  list  applies.  The  list  applies  to  an 
activity  by  name\  The  Naval  Air  Systems 
Command  Representative  is  responsible  for  the 
preparation  of  the  IMRL  for  each  activity  in  his 
cognizant  area.  It  is  prepared  by  extracting  from 
the  AMMRL  those  applicable  portions  which 
pertain  to  the  specific  aircraft  and  maintenance 
material  assignments  of  the*  activity  for  which 
the  list  is  developed. 

The  IMRL  should  be  co..tinually  reviewed 
and  updated  by  each  activity  to  support  current 
and  anticipated  changes  in  ground  support 
equipment  requirements.  Because  the  IMRL  is 
continually  reviewed  and  updated  and  approved 
by  the  cognizant  command,  it  is  the  firm 
mandatory  material  readiness  list  of  the  activity 
to  which  the  list  applies. 

Training  Literature  (00-80  Series) 

This  senes  of  publications  is  issued  by 
authority  of  the  Deputy  Chief  Naval  Operations 
\Air).  Included  are  various  Air  Safety  Pamphlets 
and  General  Aviation  Training  Publications.  For 
example,  NA  00  SO T-96,  Aircraft  Support 
Equipment,  General  Handling  and  Safety  pre- 
cautions one  of  the  training  manuals  in  this 
series. 

SUPPORT  EQUIPMENT  MANUALS 
07  AND  19  SERIES) 

The  17  and  1^  series  of  aeronautic  technical 
manuals  cover  most  types  of  support  equipment. 


The  manufacturer  of  each  item  of  support 
equipment  is  required  to  furnish  adequate 
instructions  for  operating  the  equipment  and 
maintaining  it  throughout  its  service  life.  These 
manuals  are  prepared  by  the  manufacturer  and 
are  issued  under  the  authority  of  the  Naval  Air 
Systems  Command.  They  are  then  official  Nayy 
publications. 

Support  Equipment  Manuals  contain  descrip- 
tive data;  detailed  instructions  for  operation, 
servicing,  inspection,  maintenance,  repair,  and 
overhaul;  and  illustrated  parts  lists.  All  available, 
Support  Equipment  Manuals\  are  listed  in  the 
appropriate  parts  of  the  Naval  Aeronautic  Pub- 
lications Index.  NavAir  OO^OOA  lists  avail- 
able manuals  in  reference  to  the  model,  type, 
and/or  part  number  of  the  equipment.  All 
avail3*"V  support  equipment  manuals  are  listed 
in  nu:  :al  order  (by  publication  number)  in 
Part  C,  Section  VIII  of  NavSup  2002.  In 
addition,  support  equipment  manuals  are  listed 
(by  publication  number  only)  in  NavAir 
00-500B  in  respect  to  their  application  to  each 
model  and  configuration  of  aircraft. 

If  an  item,  of  support  equipment  is  relatively 
simple,  all  the  necessary  instructions  may  be 
contained  in  a  single  manual.  An  example  is  NA 
19-1-60,  Operation,  Service,  and  Overhaul 
Instructions  with  Illustrated  Parts  Breakdown 
for  the  Aircraft  Universal  Towbar  Assembly. 
More  complex  equipment  may  require  two  or 
more  manuals.  For  example,  one  manual  may 
contain  operation,  service,  and  repair 
instructions,  while  the  parts  breakdown  is 
contained  in  a  separate  manual..  ^ 

Regardless  of  the  number  of  manuals  used  to 
contain  these  instructions,  the  terms  Operation, 
Service,  and  Repair  (or  Overhaul^  are  usually 
used  in  the  title  of  these  iroiructions.  However, 
»ome  of  the  newer  models  of  equipment  are 
provided  with  manuals  for  different  levels  of 
maintenance.  In  this  case,  the  manuals  are  titled 
Maintenance  Instructions,  Organizational  Level; 
Maintenance  Instructions,  Intermediate  Level; 
and,  if  required,  Maintenance  Instructions, 
Depot  Level. 

Operation  dfid  Service  Instructions 

Altjiough  sometimes  issued  as  separate 
manuals,  Operation  and  Service  Instructions  for 
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each  item  of  support  equipment  are  usually 
combined  into  one  manual,  and,  as  previously 
stated,  are  often  combined  with  other  instruc- 
tions and  the  parts  breakdown.  Operation  and 
Service  Instructions  include  information  neces- 
sary for  organizational  level  maintenance. 

Operation  and  Service  Instructions  Manuals 
are  divided  into  sections.  The  manuals  vary  as  to 
content  and  number  of  sections.  The  following 
is  a  de«'^»^tion  of  the  sections  of  a  typical 
manuai. 

The  first  section  usually  contains  an  intro- 
%  duction  and  description  of  the  equipment..  This 
includes  a  general  description  and  purpose  of  the 
item  of  equipmen.  and  brief  descriptions  of  the 
major  components.  This  section  also  usually 
contains  a  table  of  specifications.  These  specifi- 
cations include  such  information  as  the  weight 
and  overall  dimensions  of  the  equipment;  capac- 
ities of  the  fuel,  oil,  and  cooling  systems;  the 
manufacturer,  model,  and  type;  and  leading 
particulars  of  the  engine,  fuel  system  compo- 
nents, electrical  systems  components,  trans- 
missions, etc.  \ 

In  some  man\ials  section  II  contains  a  list  of 
special  tools  required  for  the  operation  and 
service  of  the  equipment. 

The  next  section  gives  information  pertaining 
to  the  preparation  of  the  unit  for  use.  Instruc- 
tions necessary  for  unpacking  and  assembling 
the  unit  are  covered  in  this  section.  This  section 
also  includes  any  adjustments  and  inspections 
that  must  be  made  and  any  safety  precautions 
that  must  be  observed  before  the  unit  is  op- 
erated. Some  manufacturers  include  inMhis 
section  information  concerning  the  preparation 
of  the  unit  for  storage  and  shipment. 

The  next  section  gives  complete  and  detailed 
operating  procedures  for  the  equipment.  Such 
information  as  the  principles  of  operation,  the 
purpose  and  use  of  the  operating  controls,  and 
the  purpose  and  use  of  the  indicating  instru- 
ments are  included  in  this  section.;  Normal 
operating  pressures  .and  temperatures  afe  also 
given.  Safety  precautions  in  the  form  of  WARN- 
INGS and  CAUTIONS  are  inserted  in  the  appro- 
priate parts  of  the  text.  These  same  methods  of 
presenting  safety ,  precautions  are  used  in  all 
support  equipment  instructions  manuals. 


The  service  instructions  are  contained  in  the 
next  section.  These  instructions  pertain  to 
periodic  inspections,  maintenance,  and  lubri- 
cation. Charts  or  tables  are  usually  used  to 
indicate  the  inspection  interval  of  systems  and 
components.  (Periodic  inspections  of  most 
support  equipment  are  performed  in  accordance 
with  Maintenance  Requirements  Cards  which  are 
used  in  conjunction  with  the  information  con- 
tained in  this  section.  Additional  information 
concerning  these  inspection  procedures  is  con- 
tained in  chapter  8  of  this  training  manual.)  The 
specifications  for  oil,  fuel,  lubricants^  etc.,  are 
included  in  this  section.  Diagrams,  showing  the 
places  to  be  lubricated,  are  also  included.  In 
some  manuals,  troubleshooting  charts  are 
included  in  this  section.  Other  manuals  contain 
an  additional  section  for  these  charts. 

The  Operation  and  Service  Instructions,  as 
well  as  the  other  parts  of  Support  equipment 
manuals,  usually  contain  illustrations  to  clarify 
the  text.  The  illustrations  providUl  in  support 
equipment  manuals  are  similar  to  those  pre; 
sented  in  this  training  manual;  a  wide  variety  of 
graphic  presentations  is  utilized.  These  include 
pictorial  drawings  (isometric  drawings  and 
reproductions  of  photographs),  orth9graphic 
drawings,  and  schematic  and  block  diagrams. 
Combinations  of  these  drawings  and  diagrams 
are  utilised  in  some  illustrations. 

NOTE::  For  detailed  information  concerning 
different  types  of  drawings  and  diagrams, 
including  the  definitions  of  terms  used  in  con- 
junction with  these  graphic  presentations,  refer 
to  chapter  6  of  this  manual  and  to  Blueprint 
Reading  and  Sketching,  NavPers  10077  (Series) 
which  also  illustrates  many  of  the  different 
symbols  used  on  diagrams. 

Repair  or  Overhaul  Instructions 

Information  pertaining  to  Intermediate  level 
maintenance  of  sup  "^rt  equipment  is  usually 
issued  as  Repair  or  Overhaul  Instructions.  In 
some  manuals  this  information  is  titled 
Maintenance  Instructions  and  covers  the  repair 
and/or  overhaul  of  the  equipment. 

The  title  of  this  type  manual,  or  section  of 
the  manual,  depends  upon  the  type  of  mainte- 
nance that  must  be  perfonned  on  the  equip- 
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ment.  ^Some  equipment  simply  requires  repair 
and  replacement  of  defective  parts.  Repair,  as  it 
applies  to  maintenance  of  aeronautical  |  equip- 
ment, is  the  restoration  of  an  item  of  equipment 
to  an  acceptable  operating  condition  Without 
complete  disassembly  and  inspection!.  The 
maintenance  information  required  for  this  type 
equipment  is  usually  issued  as  Repair  Instr.ue- 
tiohs. 

Some  items  of  support  equipment  itiust  be 
overhauled  at  regular  intervals.  Overhai^  is  the 
disassembly  of  an  item  of  equipment  as^required 
to  permit  inspection  of  every  component  parf 
Component  parts  which,  upon  inspection,  will 
not  meet  requirements  as  set  fortbMn  applicable 
specifications  are  restored  or  re/laced  by  new 
parts  so  that  after  reassembly  and  test,  the 
equipment  will  meet  the  requji'ements  set  forth 
in  the  applicable  specifica^ons.  Maintenance 
information  of  this  type  is  generally  issued  as 
Overhaul  Instructions.  The  overhaul  intervals 
(number  of  miles,  number  of  starts,  hours  of 
operation,  months  of  operation,  etc.)  are  speci- 
fied in  the  Overhaul  Instructions. 

If  the  Repair  or  Overhaul  Instrudttons  are 
published  as  a  separate  manual,  the  first  section 
is  a  brief  introduction.  This  includes  the  purpose 
and  leading  particulars  of  the  item  of  equip- 
ment. The  remainder  of  the  manual  contains 
complete  repair  or  overhaul  instructions  and  test 
procedures.  If  combined  with  the  Operation  and 
Service  Instructions,  the  Repair  or  Overhaul 
Instriictions  are  arranged  in  a  section,  or  sec- 
tions, following  the  service  instructions. 

Illustrated  Parts  Breakdown 

The  purpose  of  the  Illustrated  Parts  Break- 
down (IPB)  is  to  assist  supply  and  maintenance 
personnel  in  the  identification,  requisitioning, 
and  issuing  of  parts  for  the  applicable  item  of 
support  equipment. 

The  IPB  for  some  complex  items  of  support 
equipment  is  issued  as  a  separate  manual  and  has 
its  own  identification  number.  The  IPB  for  most 
items  of  support  equipment  is  combined  with 
one  or  more  sections  of  the  instructions  manuals 
and  is  the  last  section  or  sections  of  the  manual. 
An  example  of  the  title  of  a  combined  manual  is 


Operation  and  Service  In^ructions  with  Illustra- 
ted Parts  Breakdown.    /  \ 

Although  the  IPB  aj/pears  in  some  manuals  as 
one  section,  it  is  usually  divided  into  three 
sections  or  parts-hUroduction,  Group  Assembly 
Parts  List,  and  Numerical  Index.:  In  addition  to 
these  three  parts,  a  Table  of  Contents  is  pro- 
vided. If  the  IFB  is  a  separate  manual^  the  Table 
of  Contents Js  contained  in  the  first  fcjw  pages  of 
the  manual.  If  the  IPB  is  combined  with 
instructions  manuals,  a  combined  Ta^)le  of  Con- 
tents appears  in  the  first  few  pages  of  the 
combined  manual..  In  either  case,  the  Table  of 
Contents  contains  a  List  of  Illustrations  which 
plays  an  important  role  in  locating  tJarts  in  the 
|PB.  This  is  discussed  later.  I 

The  Introduction  contains  detailed  instruc- 
tions for  the  use  of  the  IPB.  All  thejinforma(ion 
in  this  section  should  be  read  prioritb  using  the 
remaining  sections.  The  information  in  the 
Introduction  will  aid  the  ASE  in  locating  the 
necessary  part  or  parts  quickly  and  easily.. 

The  next  section,  Group  Assembly  Parts  List, 
lists  and  illustrates  the  assemblies  land  parts  of 
the  equipment.:  As  mentioned;  previously, 
exploded  views  are  usually  usedj  to  illustrate 
these  assemblies  and  parts.  The  parts  lists  are 
used  in  conjunction  with  the  illustrations.  Index 
numbers  in  the  parts  lists  correspond  to  those  on 
the  illustrations.  This  section  and  the  List  of 
Illustrations,  mentibned  previously,  are  used  to 
locate  and  identify  a  part  when  the  part  number 
is  unknown.  The  steps  involved  in  this  process 
are  presented  in  figure  3-3. 

The  last  section,  the  Numerical  Index,  con- 
tains an  alphanumerical  listing  of  all  the  parts  in 
the  IPB.  In  addition  to  the  part  numbers,  the 
Numerical  Index  contains  such  information  as 
national  stock  number  data,  figure  and  index 
numbers,  source  code  data,  and  repaii;  code. 

The  Numerical  Index  is  used  to  find  the 
illustration  and  nomenclature  of  a  part  if  the 
part  number  is  known.:  Figure  3^  illustrates  the 
steps  involved  in  this  process. 

TECHNICAL  INFORMATION  FILE  OF 
GROUND  SUPPORT  EQUIPMENT 

The  Military  Standardization  Handbook, 
Technical  Information  File  of  Ground  Support 
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AS.670 

Figura  3-3.-UM  of  the  IPB  when  the  part  number  is  unknown. 
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AS.671 

Figure  3-4.-Use  of  the  IPB  when  tlie  pert  number  is  Icnown. 
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Equipment,  MIL-HDBK-300B,  provides  a  con- 
solidated source  of  descriptive  information 
about  individual  items  of  ground  support  equip- 
ment used  by  the  Navy,  Air  Force,  and  Army.  It 
consist!^  of  several  volumes  and  provides  descrip- 
tive information  such  as: 

1.  Official  nomenclature  of  the  item. 

2.  Manufacturer  and  model/type  number., 
,3.  Functional  classiflcation. 

4.  National  stock  number. 

5.  A  photograph  or  drawing  of  the  item. 

6.  Functional  description  (purpose). 

7.  Its  relation  to  other  equipment. 

8.  Electromechanical/mechanical  description 
(technical  details). 

9.  Reference  data  and  literature  available 
about  the  item. 

10.  Shipping  data  (size,  weight,  etc.). 

UPDATING  MANUALS 

Modern  technology  is  a  constantly  changing 
thing.  What  is  considered  to  be  the  *'latest" 
word  today  may  be  modified,  totally  revised,  or 
otherwise  made  obsolete  topiorrow.,  Thisr  is  not 
always  a  planned  or  intended  condition,  but'it 
must  be  accepted  and  dealt  with. 

These  changing  conditions  apply  to  aero- 
nautic technical  publications.  They  require  that 
prompt  action  be  affol'ded  fo  change  and  revise 
aU  material  which  is  related  to  the  technical 
information  and  data  used  by  maintenance  and 
operational  personnel. 

The  degree  of  urgency  of  updating  publi- 
cations depends  upon  the  type  of  information 
involved  and  the  frequency  of  reference  to  the 
affected  publications.  In  any  event,  technical 
data  change  and  revision  material  should  not  be 
allowed  to  accumulate  at  any  point.. 

Copies  of  these  changes  and  revisions, 
received  through  the  proper  submission  of 
NavAir  Form  5605/3,  are  first  delivered  to  the 
technical  library.  Personnel  of  the  library'make 
the  necessary  changes  to  the  affected  publi- 
cations filed  in  the  library.  However,  the  changes 
affecting  the  publications  held  by  the  pro- 
duction divisions  are  routed  to  the  appropriate 
work  center.  Personnel  of  the  work  center  are 
then  required  to  incorporate  the  change;  into 
their  copies  of  the  affected  publications.  / 


The  changes  or  revisions  are  prepared  by  the 
manufacturer  of  the  specific  equipment  and  are 
issued  under  the  authority  of,  the  Naval  Air 
Systems  Command.  The  changes  or  revisions 
may  direct  write-in  changes,  provide 
replacement/additional  pages,  and/or  provide' 
'  information  affecting'  various  parts  of  the 
manual,  in  which  case  the  information  is  pre- 
pared as  supplemental  data. 
:  When  incorporating  changes,  the  instructions 
provided  on  the  front  page  of  the  change  should 
be  followed  exactly.  Write-in  material  should  be 
entered  neatly  and  legibly  using  indelible  ink. 
Text  material  to  be  deleted  should  have  a  single 
line  ruled  neatly  through  every  line  of  type. 

Supplemental  data  is  supplied  on  pages  to  be 
filed  next  to  the  affected  pages  in  the  manual. 
Supplementary  pages  are  inserted  in  the  manual 
in  page  number  order  and  are  identified  by  a 
letter  added  to  the  page  number.  For  example,  if 
a  supplementary  page  is  issued  bearing  the 
number  2-1 6A,  it  is  placed  between  pages  2-16 
and  2-17,.  The  supplementary  information  may^ 
be  applicable  to  either  or  both  of  these  pages. 

Replacement  pages  are  designed  to  replace 
pages  already  in  the  basic  publication.  They  are 
numbered  in  exactly  the  same  way  as  the  pages 
they  replace.  The  date  of  the  change  issho^vn  on 
the  bottom  of  the  page  in  the  corner  opposite 
the  page  number.  Prior  to  incorporating  replace- 
ment pages  they  should  be  counted  and  the 
number  noted.  When  the  task  is  finished,  the 
removed  pages  should  be  counted  to  make  sure 
,  that  the  same  number  were  removed  as  we^e  put 
in.  Also,  the  bottom  of  each  removed  pages 
should  be  checked  for  dates  to  make  sure  no 
new  replacement  pages  were  inadvertently 
missed.. 

On  the  back  of  each  change  notice  cover  page 
is  a  cumulative  list  of  all  changed/revised  pages 
issued  and  the  date  of  issue,  since  the  basic  date 
of  the  manual.  Checking  the  listed  pages  and 
dates  against  the  corresponding  pages  of.  the 
manual,  which  are  also  dated,  provides  one 
method  of  determining  currentness  and  com-- 
pieteness  of  the  manual.  This  page  becomes  the 
cover  page  of  the  revised  manual. 

In  addiction  to  the  normal  technical  manual 
change  and  revision  system  described  above,  a 
Rapid  Action  Change  (RAC)  "system  has  been 
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developed  recently  to  improve  the  timely 
issuance  of  urgently  required  information. 
Undei  this  system,  information  affecting  flight 
safety,  hazards  to  personnel,  or  grounding  of 
aircraft  is  disseminated  via  naval  message  and 
immediately  incorporated  in  the  affected 
manual  A  manual  change  page  follow-up  is  then 
required  within  15  days  of  the  release  of  the 
message.  As  indicated  by  the  type  of  infor- 
mation disseminated  in  this  manner,  this  system 
pertains  primarily  to  aircraft  technical  manuals. 
However,  support  equipment  can  indirectly 
affect  flight  safety  and  grounding  of  aircraft  and 
can  directly  cause  hazards  to  personnel;  there- 
fore, the  RAC  system  is  also  applicable  to 
support  equipment  manuals.  In  addition  to  the 
message  type  of  change,  information  of  a  less 
urgent  nature  is  disseminated  by  RAC  change 
pages  that  must  be  printed  within  30  days  after 
problem  Resolution  and  is  generally  limited  to 
1^2  pages  or  less./ 

It  should  be  Emphasized  that  the  RAC  system 
does  not  affecu^the  normal  change  and  revision 
requirements,  the  RAC  system  merely  supple- 
ments the  existing  change  system  to  provide  for 
rapid  issue  of  urgently  required  data. 


LETTER  TYPE  PUBLICATIONS 

There  are  two  broad  categories  of  letter  type 
publications.  One  category  pertains  to  infor- 
mation of  a  technical  nature  and  /includes 
Bulletins  and  Changes.  This  category  is  referred 
to  as  Technical  Directives.  The  other  category 
pertains  to  policy  and  administration  proce- 
dures. Instructions  and  Notices  are.  used  to 
disseminate  this  type  of  information.  These 
different  forms  of  letter  type  publications  are 
discussed  in  the  following  paragraphs. 

TECHNICAL  DIRECTIVES 

The  Technical  Directive  System  has  been 
established  for  the  control  and  issue  of  all 
technical  directives.  This  system  standardizes  the 
method  of  issuance  for  such  directives  and  is  the 
authorized  means  for  directing  the  accomplish- 
ment and  recording  of  modifications  and  one- 


ERJC 


time  inspections  of  ground  support  equipment 
as  well  as  aircraft  and  other  aeronautical  equip- 
ment. The  Technical  Directive  System  is  an 
important  element  in  the  programs  d^ned  to 
maintain  equipment  in  a  safe  and  cturent  state 
of  operational  and  material  readiness. 

This  system  provides  for  two  types  qf  tech- 
nical directives.  The  types  are  determined  by  the 
method  of  dissemination.  The  two  types  are 
Formal  (letter  type)  and  Interim  (message  type). 
In  general  terms,  they  are  both  considered  as 
letter  type  publications.  Such  directives  contain 
instructions  or  information  of  a  technical  nature 
which  cannot  be  disseminated  by  revisions  or 
changes  to  technical  manuals.  However,  the 
accomplishment  of  a  technical  directive  often 
necessitates  a  change  or  revision  to  the  appli- 
cable technical  manual.  Technical  directives  are 
issued  in  ,the  form  of  Changes,  or  in  the  case  of 
special  circumstances,  by  Interim  Changes  or 
Interim  BuDetins. 

A  formal  technical  directive  is  issued  as  a 
Change,  or  as  an  amendment  or  revision  thereto, 
and,  as  stated  previously,  is  disseminated  by 
letter.  Formal  directives  are  used  to  direct  the 
accomplishment  and  recording  of  modifications 
to  support  equipment,  as  well  as  aircraft  and 
related  equipment.  An  interim  technical  direc- 
tive is  issued  as  a  Change  or  a  Bulletin,  or  as  an 
amendment  or  revision  thereto,  and,  in  order  to 
insure  prompt  delivery  to  the  concerned  acti- 
vities, is  disseminated  by  message.  The  interim 
technical  directive  is  reserved  for  those  instances 
to  correct  a  safety  or  operational  condition 
whenever  it  is  considered  too  important  to  risk 
waiting  for  the  issuance  of  a  formal  directive. 

Each  Interim  Change  is  superseded  by  a 
Formal  Change  directive  which  will  have  the 
same  number  as  the  interim  directive.  Interim 
BuDetins  are  not  superseded  by  Formal  Bulletins 
as  was  previously  the  case.  NavSup  Publication 
2002,  Section  VIII,  Part  D  will  still  have  many 
Interim  Bulletins  listed  until  they  are  eventually 
phased  out. 

A  Change  is  a  document  containing  instruc- 
tions and  information  which  directs  the  accom- 
plishment and  recording  of  a  material  change,  a 
repositioning,  a  modification,  or  an  alteration  in 
the  characteristics  of  the  equipment  to  which  it 
applies.  A  Change  is  issued  to  direct  that  parts 
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be  added,  removed,  or  changed  from  the  existing 
configuration  ok  that  parts  or  material  be 
altered,  relocated,  or  repositioned. 

A  Change  may  be  issued  in  parts  to  accom- 
plish distinct  parts  of  a  total  directed  action  or 
to  accomplish  action  on  different  configurations 
of  affected  equipment. 

A  BuUetin  is  an  interim  document  comprised 
.  of  instructions  and  information  which  directs  an 
initial  insppjtion  to  determine  whether  a  given 
condition  .xists^  It  specifies  what  action  is  to  be 
taken  if   given  condition  is  found  or  not  found. 

Sometinies  it  is  found  that  a  Qiange  or 
Bulletin  is  not  the  complete  answer  to  a  prob- 
lem, and  it  is  determined  necessary  to  amend  or 
revise  an  outstanding  directive.  An  Amendment 
is  a  document  comprised  of  information  which 
clarifies,  corrects,  adds  to,  deletes  from,  makes 
minor  changes  in  requirements  to,  or  cancels  an 
existing  directive.  It  is  only  a  supplement  to  the 
existing  directive  and  not  a  complete  directive  in 
itself.  A  maximum  of  three  Amendments  may 
be  applied  to  any  technical  directive,  each 
remaining  in  effect  until  rescinded  or  superseded 
by  a  Revision.  A  requirement  for  further  amend- 
ment action  necessitates  the  issuance  of  a 
Revision. 

A  Revision  is  a  completely  new  edition  of  an 
y  existing  technical  directive.  It  supersedes  the 
original  4ifective  and  all  existing  Amendments. 

Interim  Bulletins  are  self-rescinding  with 
rescission  dates  of  30  June  and  31  December, 
whichever  is  appropriate  for  the  case  at  hand. 
Rescission  is  the  process  by  which  a  technical 
directive  is  removed  from  active  files  after  all 
requirements  have  been  incorporated  and 
recorded,  rescinding  .dates  are  also  projected  for 
formal  changes.  Final  rescission  action  of  all 
technical  directives  is  directed  in  Part  D,  Section 
VIII,  NavSup  Publication  2002.  All  activities 
maintaining  files  of  technical  directives  should 
retain  all  technical  directives^  until  they  are 
deleted  from  NavSup  PublicationN2002. 

Changes  and  Bulletins  are  issued  by  technical 
personnel  of  the  Naval  Air  Systems  Command 
and  are  based  on  Contractor  Service  Bulletins, 
on  reports  from  various  Data  Services,  or  letters 
of  recommendation  or  proposed  modifications 
from  field  service  activities.  They  are  auto- 
matically distributed  to  all  activities  concerned 


through  inclusion  on  the  Mailing  List  Request 
for  Aeronautic  Publications,  NavAir  5605/3. 

Changes  and  Interim  Changes  are  assigned 
numbers  in  a  numerical  sequence  by  the  Tech- 
nical Directives  Control  Center,  located  at  the 
Naval  Air  Technical  Services  Facility  (NATSF), 
Philadelphia,  Pa.  As  stiated  previously,  a  Formal 
Change  which  supersedes  an  Interim  Change  will 
have  the  same  number  as  the  Interim  Change. 
Interim  Bulletins  are  numbered  similariy  in 
another  number  series. 

The  title  of  a  Change  or  Bulletin  for  support 
equipment  is  made  up  oLthree  parts.  Part  one  is 
the  term  "Support  Equipment;**  part  two,  the 
word  or  words  "Change,"  "Interim  Change,"  or 
"Interim  Bulletin;"  and  part  three,  the  se- 
quential number.  When  applicable,  the  words 
"Rev.  a;'  "Amendment  1,"  etc.,  follow  the 
basic  directive. 

Changes  are  classified  by  various  "action" 
categories.  Bulletins  may  also  be  assigned  an 
action  classification,  but  it  is  not  mandatory. 
The  assigned  action  category  serves  as  a  priority 
for  compliance  with  the  various  directives. 

The  category  "Immediate  Action"  is  assigned 
to  directives  which  are  issued  to  correct  safety 
conditions,  the  incorrected  existence  of  which 
would  probably  result  in  fatal  or  serious  injury 
to  peisonnel,  or  extensive  damage  or  destruction 
of  property.  Immediate  Action  directives  involve 
the  discontinued  use  of  the  equipment  in  the 
operational  employment  under  which  the 
adverse  safety  condition  exists,  until  the  direc- 
tive has  been  complied  with.  If  the  use  of  the 
equipment  will  not  involve  the  use  of  the 
affected  component  or  system  in  either  normal 
or  emergency  situations,  compliance  may  be 
deferred,  but  should  be  accomplished  no  latef 
than^  1 20  days  from  the  date  of  issue.  Immediate 
Action  directives  are  identified  by  a  border  of 
red  or  black  X's  on  the  cover  page,  broken  at  the 
top  center  of  the  page  by  the  words 
"IMMEDIATE  ACTION,"  printed  in  red  or 
black. 

The  category  "Urgent  Action"  is  assigned  to 
directives  which  are  used  to  correct  safety 
conditions  which,  if  uncorrected,  could  result  in 
personnel  injury  or  property  damage.  This  cate- 
gory of  directive  is  identified  by  the  words 
"URGENT  ACTION"  printed  In  red  or  black 
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ink  at  the  top  of  the  first  page  and  a  border  of 
rel  or  black  diagonals  around  the  cover  page. 

The  compliance  requirements  for  Urgent 
Action  directives  specify  that  the  incorporation 
of  the  instructions  must  be  accomplished  not 
later  than  the  next  regularly  scheduled  rework 
or  overhaul  or,  for  equipment  not  reworked  or 

,  •    overhauled  on  a  regularly  .scheduled  basis,  not 
later  than  18  montlis  after  the  date  of  issuance. 

Routine  Action  directives  are  issued  where 
there  are  reliability,  capabUity,  or  maintain- 
ability deficiencies  which  could,  if  uncorrected, 
become  a  hazard  through  prolonged  usage  or 
have  an  adverse  effect  on  the  operational  life  or 
general  service  utilization  of  equipment.  The 
compliance  requirement  specifies  the  incorpora- 
tion of  the  instructions  not  later  than  the  next 
regularly  scheduled  overhaul  or  rework,  or  for 
equipment  not  reworked  or  overhauled  on  a 
scheduled  basis,  not  later  than  18  months  after 
issuance  of  the  directive.  Jf  accomplishment  of 
the  work  requires  depot  level  maintenance  capa- 
bility, the  compliance  may  be  deferred  if  it  will 
seriously  interfere  with  operational  commit- 
ments or  schedules.  Routine  Action  directives 

^     are    identified   by    the   words  "ROUTINE^ 
ACTION"  printed  in  black  capital  letters  at  the 
top  center  of  the  cover  page  and  no  border 
symbols  are  used. 

Record  Purpos^e  category  is  assigned  to  a 
technical  directive  when  a  modification  has  been 
completely  incorporated  by  the  contractor 
before  acceptance  by  the  Navy.  This  category  of 
technical  directive  merely  documents  the  action 
for  configuration  maii.agement  purposes.  Conse- 
quently, compliance  information  is  not  appli- 
cable. They  are  Mentified  by  the  words 
"RECORD  PURPOSES"  printed  in  black  capital 
letters  at  the  top  center  of  the  cover  page. 

INSTRUCTIONS  AND  NOTICES 

Instructions  and  Notices  are  directives 
containing  information  and  instructions  con- 
cerning policy,  administf  ..on,  and  air  opera- 
tions. They  are  issued  by  all  systems  commands, 
bureaus,  ships,  stations,  and  operating  activities. 
Those  issued  by  the  Naval  Air  Systems 
Command  are  known  as  NavAir  Instructions  and 
Notices. 


\  Instructions  are  directives  of  a  continuing 
njUure  and  are  effective  untU  canceled  or  super- 
seded by  a  later  directive. 

Notices  are  directives  of  a  one-time  nature  or 
directives  which  are  applicable  for  a  brief  period 
of  timev.  Each  Notice  contains  a  provision  for  its 
own  cancellation. 

"  Instructions  are  numbered  in  consecutive 
order  according  to  the  subject  covered  in  the 
Instruction.  Notices  are  not  assigned  consecutive 
numbers  becaW  of  their  one-time  nature  or 
brief  duration,  ^or  this  reason,  the  date  must  , 
always  be  used\when  referring  to  a  Notice. 
Those  Instruction^  and  Notices  pertaining  to 
aviation  maintenance  may  be  addressed  to  "All 
Ships,  Stations,  and  Units  concerned  with  Naval 
Aircraft,"  or  to  certain  activities  only.  Each 
activity  maintains  a  file  of  all  pertinent  Instruc- 
tions and  Notices  stUl  in  effect. 

MISCELLANEOUS  AVIATION 
PUBLICATIONS 

Several  I'.nofficial  publications  of  general 
interest  to  aviation  personnel  are  available  in 
most  operating  activities.  These  should  be  read 
regularly  by  all  maintenance  personnel. 

NAVAL  AVIATION  NEWS 

The  Naval  Aviation  News,  NavAir  00-75 R-3, 
is  published  monthly  by  the  Chief  of  Naval 
Operations  and  the  Naval  Air  Systems 
Command.  Its  purpose  is  to  dissei  linate  data  on 
aviation  training  and  operations,  aviation  sup- 
port equipment,  space  technology,  missile, 
rocket,  and  other  aviation  ordnance  develop- 
ments, aeronautical  safety,  aircraft,  design, 
powerplants,  aircraft  recognition,  technical 
maintenance,  and  overhaul  procedures. 

As  its  name  implies,  this  publication  is  es- 
sentially a  news  magazine.  It  enables  readers  to 
keep  abreast  of  the  latest  unclassified  develop- 
ments in  every  facet  of  naval  aviation.  In 
addition;  the  coverage  of  fleet  operations  and 
the  human  interest  articles  on  the  noteworthy 
feats  and  accomplishments  of  individuals,  both 
officer  and  enlisted,  make  the  Naval  Aviation 
News  an -entertaining  as  well  as  an  informational 
periodical. 
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APPROACH 


Approach  (NavAir  00-75-510),  The  Naval 
Aviation  Safety  Review,  is  published  monthly 
by  the  U.S.  Naval  Aviation  Safety  Center  and  is 
distributed  to  all  naval  aeronautic  organizations 
on  the  basis  of  1  copy  for  every  10  persons.  It 
presents  the  most  accurate  information  cur- 
rently available  on  the  subject  of  aviation 
accident  prevention. 

A  large  number  of  aviation  accidents  are 
maintenance-induced;  that  is,  they  occur  during 
preparation  for,  performance  of,  and  securing 
from  maintenance  or  as  a  result  of  sloppy  or 
improper  maintenance.  Some  aviation  accidents 
result,  either  directly  or  indirectly,  from  careless 
use  or  improper  maintenance  of  support  equip- 
ment. Therefore,  articles  concerning  aviation 
support  equipment  frequently  appear  in  this 
magazine.  For  example,  a  recent  article  recom- 
mended that  tires  with  military  tread  be  used  on 
support  vehicles  to  decrease  FOD  (foreign  object 


damage)  to  aircraft.  In  addition,  many  hints  on 
general  maintenance  are  issued  in  the  Approach. 
Although  these  al;e  primarily  for  aircraft  mainte- 
nance personnel,  they  may  also  apply  to  the 
maintenance  of  support  equipment.  For  exam- 
ple, a  recent  issue  discussed  the  care  of  bearings, 
and  another  the  use  and  care  of  torque 
wrenches. 

The  Approach  magazine  reports  the  results  of 
accident  investigations;  and  for' those  accidents 
that  are  maintenance-induced,  describes  what 
was  done  wrdng  and  how  it  should  have  been 
done;  suggests  corrective  measures  to  prevent 
future  accidents  resulting  from  these  causes;  and 
when  appropriate,  cites .  aeronautic  technical 
publications  which  provide  authority  for 
changes  in  techniques  or  material  to  improve  the 
maintenance  product. 

In  short,  the  maintenance  man  who  reads  and 
heeds  the  messages  in  Approach  is  the  m^n  who 
benefits  from  other  mechanics'  experiences.  Put 
Approach  on  your  required  reading  list  and  look 
for  it  every  month. 
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ELEMENT/ 

V 

The  Aviation  Support  Equipment  Technician 
E  is  associated  with  some  very  complex  ma- 
chines and  equipment.  He  is  expected  to  under- 
stand, operate,  service,  and  maintain  these 
machines  and  equipment,  and  to  instruct  new 
men  so  that  they  can  also  perform  these  func- 
tions. No  matter  how  coipplex  a  machine  or 
item  of  equipment,  its  action  can  be  satis- 
factorily explained  as  an  application  of  a  few 
basic  principles  of  physics.  In  order  to  under- 
stand, maintain,  and  repair  the  equipment  and 
machinery  necessary  to  the  operation  of  the 
ships  and  aircraft  of  the  fleet,  an  understanding 
of  these  basic  principles  is  essential.  There  can 
be  no  question  that  the  technician  who  possesses 
this  understanding  is  better  equipped  to  meet 
the  demands  placed  upon  him  in  his  everyday 
tasks.  ^ 

Physics  is  devoted  to  fmduig  and  defining 
problems,  as  well  as  to  searching  for  their 
solutions.  It  not  only  teaches  a  person  to  be 
curious  about  the  physical  world,  but  also 
provides^  a  means  of  satisfying  that  curiosity. 
The  distinction  between  physics  and  other 
sciences  cannot  be  well  defined,  because  the 
principles  of  physics  also  pertain  to  the  other 
sciences.  Physics  is,  a  basic  branch  of  science^nd 
deals  with  matter,  motion,  force,  and  energy.  It 
^deals  with  the  phenomena  which  arise  because 
matter  moves,  exerts  force,  and  possesses 
energy.  It  is  the  foundation  for  the  laws  govern- 
ing these  phenomena,  as  expressed  in  the  study 
of  mechanics,  hydrairttesrmagnetism,  electricity, 
heat,  light,  sound,  and  nuclear  physics!  It  is 
closely  associated  with  chemistry  and  depends 
heavily  upon  mathematics  for  many  of  its 
theories  and  explanations. 

This  manual  deals  primarily  with  the  practical 
application  of  electricity  and  magnetism  ra-ther 
than  the  basic  theory.  If  any  background  infor- 
mation is  needed  on  these  subjects,  refer  to 
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Basic  Electricity,  NavPers  10086  (Series),  for 
detailed  coverage. 


BASIC  CONCEPTS 

In  any  study  of  physics,  it  soon  becomes 
obvious  that  specific  words  and  terms  have 
specific  meanings  which  must  be  mastered  from 
the  very  start.  Without  an  understanding  of  the 
exact  meaning  of  the  term,  there  can  be  no  real 
understanding  of  the  principles  involved  in  the 
use  of  that  term.  Once,  the  term  is  correctly 
understood,  however,  many  principles  may  be 
discussed  briefly  to  illustrate  or  to  emphasize 
the  particular  aspects  of  interest.  The  first  part 
of  this  chapter  is  devoted  to  definitions  of  some 
physical  terms  and  a  brief  general  discussion  of 
certain  particular  principles  of  vital  interest  to 
all  technical  personnel. 


MEASUREMENT 

In  all  branches  of  science,  measurement  is  a 
very  important  consider-^tion.  In  order  to  evalu- 
ate results,  it  is  often  essential  to  know  how 
much,  how  far,  how  many,  how  often,  and  in 
what  direction.  As  scientific  inv^tigations 
become  more  complex,  measurements  must 
become  more  accurate,  and  new  methods  must 
be  develope^^  measure  new  things*, 
.  Measurements  may  be  classed  in  three  broad 
categories-magnitude,  direction,  and  time. 
These  categories  are  broken  down  into  several 
types,  each  with  its  own  standard  units. 
Measurements  of  direction  and  time  have 
become  fairly  well  standardized  and  have  com- 
paratively few  subdivisions.  Magnitude,  on  the 
other  hand,  is  an  extremely  complex  category 
with  many  classes  and  subdivisions  involved. 
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To  illustrate  the  complexity  of  the  magnitude 
category,  consider  only  a  few  common  examples 
pf  measurement  dealing  with  magnitude- 
weight,  distance,  temperature,  voltagej  size, 
loudness,  brightness,  etc.;  then  consider 
measurements  based  on  combinations  of  magni- 
tude-density (weight  per  unit  volume),  pressure 
(force  per  unit  area),  thermal  expansion 
(increase  in  size  per  degree  change  in  tempera- 
ture), etc.  In  addition,  measurements  combine 
categories;  The  flow  of  liquids  is  measured  in 
volume  per  unit  of  time,  speed  is  measured  in 
distance  per  unit  of  time,  rotation  is  measured  in 
revolutions  per  minute,  frequency  is  expressed 
in  hertz,  and  so  on,  indefinitely.  (The  term 
"hertz,"  abbreviated  Hz,  is  now  used  in  place  of 
what  was  formeriy  called  "cycles  per  second.") 

The  ii^portance  of  measurement  and  the 
necessity  \of  selecting  the  proper  measurement 
unit  should  be  emphasized.  Several  systems  of 
measurement  further  complicate  matters.  For 
example,  distance  may  be  measured  in  feet  or  in 
meters;  weijjht  in  pounds  or  in  kilograms; 
capacity  in  quarts  or  in  liters;  temperature  in 
degrees  Fahrenheit,  Celsius,  Rankine,  or  Kelvin; 
density  in  pounds  per  cubic  foot  or  in  grams  per 
cubic  centimeter;  angles  in. degrees  or  in  radians; 
etc.  (NOTE:  JCelsius  was  formerly  termed  centi- 
grade.) 

In  this  manual,  as  in  ^any  other  texts, 
specific  measurements  will  be  described  when 
and  as  necessary  for  clarity.  ^ 

Table  4-1  lists  some  measurements  in  the 
En^sh  system  and  some  Metric-English  equiva- 
lents. ^ 

MATTER  AND  ENERGY 

MATTER  may  be  defined  basically  as  ''any- 
thing  that  occupies  space  and  has  ma^."  (Mass 
and  weight  are  not  the  same,  as  will  be  explained 
later  in  this  chapter.)  Matter  exists  naturally  in 
three  states-solid,  liquid,  or  gas.  All  matter  is 
composed  of  small  particles  called  molecules. 
Matter  may  be  changed  or  combined  by  various 
methods— physical,  chemical,  or  nuclear.  Matter 
has  many  properties;  properties  possessed  by  all 
forms  of  matter  are  called  general  properties, 
while  those  properties  possessed  only  by  certain 
classes  of  matter  are  referred  to  as  special 
properties* 


.  ENERGY  may  be  defined  basically  as  "the 
capacity-fbr  doing  work."  It  may  be  classified  in 
mafiy'  w£iys,  but  for  this  discussion,  energy  will 
be  classified  as  mechanical,  chemical,  radiant, 
heat,  light,  sound,  electrical,  or  magnetic. 
Energy  is  constantly  being  exchanged  from  one 
object  to  another  and  from  one  form  to  another. 
Physics  is  primarily  the  study  of  matter  and 
energy  in  their  various  forms  and  of  the  relation- 
ships that  exist  between  them. 

Law  of  Conservation 

Matter  may  be  converted  from  one  form  to 
another, 'such  as  water  in  the  liquid  form  to  its 
solid  form,  ice,  with  no  change  in  the  total 
amount  of  matter.  Energy  may  also  be  Changed 
in  form  with  no  resuUant  change  in  the  total 
quantity  of  energy.  In  addition,  a  third  state- 
ment has  been  added  within  the  past  half 
century;  "Although  the  total  amount  of  matter 
and  energy  remains  constant,  matter  can  be 
converted  into  energy  or  energy  into  matter." 
This  statement  is  known  as  the  law  of  conserva- 
tion for  energy  and  matter. 

The  destruction  of  matter  creates  gnergy,  and. 
creation  of  matter  require?  expenditure  of 
energy.  From  this  observation  it  may  be  implied 
that  a  given  quantity  of  matter  is  the  equivalent 
of  some  amount  of  energy.  In  common  usage  it 
is  usually  stated  that  matter  "possesses"  energy. 
For  example,  aviation  gasoline  contains  energy 
to  produce  heat  to  make  an  engine  run. 

General  Properties  of  Matter 

Matter  in  aU  forms  po^esses  certain  proper- 
ties. In  the  basic  definition  it  has  been  stated 
that  matter  occupies  space  and  has  mass*  Those 
two  ideas  contain  most,  if  not  all,  of  the  general 
properties  of  matter. 

SPACE.--The  amount  of  space  occupied  by, 
or  enclosed  within,  the  bounding  surfaces  of  a 
body  is  called  volume.  In  the  study  of  physics, 
this  concept  must  be  somewhat  modified  in 
order  to  be  completely  accurate.  As  stated 
previously,  matter  may  appear  as  a  solid,  as  a 
liquid,  or  as  a  gas-each  having  special  proper- 
ties. In  a  later  section  of  this  chapter  it  will  be 
shown  that  for  even  a  specific  substance  the 
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Table  4-1 

ft 

-English  and  Metric  measurements 

 _P_ 

ENGLISH  SYSTEM 

1 2  in. 

=   1  ft 

27 'ft'  = 

1  yd' 

3  ft 

=  1  yd 

231  in.'  = 

1  gal  , 

5,280  ft 

=  1  mi 

60mi/hr  = 

88  ft/sec 

1 ,760  yd 

=  1  mi 

7,000  grains  = 

1  lb  avoirdupois 

144  in.,^ 

=  1  ft^ 

V         1 6  oz  = 

1  lb 

9  ft^ 

=  1  yd^ 

\           ,  2,0001b  = 

1  short  ton 

1,728  in.' 

=  1  ft' 

^  1  ft^  of  water  weights  62.4  lb 

METRIC-ENGLISH  EQUIVALENT'S. 


1  in. 

=  2.S400cm 

1  cm^ 

=  0.1550  in.' 

1  ft 

=  30.480  cm 

1  in.' 

=   16.3872  cm' 

1  yd 

=  91.440  cm 

1  cm' 

=  0.06 10  in.' 

I  mi 

=  1609.4  m 

1  grain 

=  0.06480  g 

1  mi 

=  1.6094  i<m 

1  oz 

=  28.3495  g 

1  mm 

=  0.03937  in. 

1  lb 

=  453.592  g 

1  cm 

=  0.3937  in. 

1  lb 

*  0.4536  kg 

Im 

=  39.37  in 

Ig 

=   15.4324  grains 

1  m 

=  3.2808  ft 

Ig 

=  0.03527  oz 

1  m 

=  1.0936  yd 

1  g 

=  0.00220461b 

1  in.^ 

=  6.451 6  cm^ 

1kg  . 

=  2:2046  lb 

at  sea  level 
^    and  45' 
latitude 
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volume  may  vary  with  changes  in  circumstances. 
-  '  It  will  also  be  shown  that  liquids  and  solids  tend 
to  retain  their  volumt  when  physically  moved 
■  from  one  container  to  another,  while  gases  tend 
to  assume  the  volumv  of  the  container.  In  order 
to  clarify  this  concept  of  *'occttpying  space/'' 
these  minute  particles  of  matter,  molecules, 
which  are  in  turn  composed  of  still  smaller 
particles,  atoms,  separated  from -each  other  by 
space  which  contains  no  matter,  must  be  under- 
stood. This  idea  is  "used  to  explain  two  general 
properties  of  matter-impenetrability  and 
porosity. 

Two  objects  cannot  occupy  or  e  space  at 
the  same  time;  this  is  known  as^  t..  Impenet- 
rability of  matter.:'*  The  actual  space  occupied 
by  the  atoms  that  make  upy.an  object  cannot  be 
occupied  by  any  other  matter..  The  impenetra- 
bilit}'  ■  ^'^tter  may,  at  first  glance,  seem  invalid 
whe».  .  p  of  sand  is  poured  into  a  cu*^  of 
wate  ine  result  is  considerably  less  th^n  two 
cups  of  sand  and  water.  However,'matter  has  an 
additional  general  property  called  "porosity" 
wjiich  explains  this  appar^'nt  loss.of  olumoThe 
water  siniply  occupies  "^pace  between  particles  of 
sana.  Porosity  js  present  in  all  material^But  to 
an  extremely  wide  range  of  degree,  Generally,  gases 
are  extremely  porous,  liquids  jnly  slightly  so, 
and  solids  vary  over  a.  wide  range,  from  the 
sponge  to  the  steel  ball. 

WEIGHT.-The  concept  of  weight  involves 
two  general  properties  of  matter-  ijiertia  and 
gravitational  attraction.  Before  discussing  weight, 
these  two  general  propei  ties  and  the  concepts  of 
motion  and  force  must  be  discussed. 

MOTION  may  be  defined  as  the  "act  or 
process  of  changing  place  or  position."  The 
"state  of  motion"  refers  to  the  amount  and  the 
type  of  motion  possessed  by  a  body  at  some 
definite  instant  (or  during  some  interval)  of 
time.. A  body  at  rest  is  not  changing  in  plac**.  or 
position;  it  is  said  to  have  zero  motion,  or  to  be 
motionless. 

The  natural  tendency  of  any  body  at  rest  is  to 
remain  at  rest;  a  moving  body  tends  to  continue 
moving  in  a  straiglit  line  with  no  change  in  speed 
or  direction.  A  body  which  obeys  these  natural 
tendencies  Is  said  to  be  in  a  uniform  state  of 
motion. 

Every  object  tends  U  maintain  a  uniform 


state  of  motion.  A  body  at  rest  never  starts  to 
move  by  itself;  a  body  in  motion  will  maintain 
its  speed  and  direction  unless  it  is  ceased  to 
*  change  one  or  the  other.  In  order  to  cause  a 
body  to  deviate  from  its  conditions  of  uniform 
motion,  a  push  or  pull  must  be  exerted  on  it. 
This  requirement  is  due  to  that  general  property 
of  all  matter  known  as  INERTIA,  The  greater 
the  tendency  of  a  body  to  maintain  uniform 
motion,  the  greater  its  inertia. 

Any  change  in  the  state  of  motion  of  a  body 
is  known  as  ACCELERATION,  and  fhe  cause 
which  produces  it  is  called  an  accelerating  force. 
Acceleration  represents  the  rate  of  change  in  the 
motion  of  a  body,  and  may  represent  either  an 
increase  or  a  decrease  in  speed  and/or  i  change 
in  direction  of  motion. 

FORCE  is  the  action  on  a  body  which  tends 
to  change  the  state  of  motion  of  the  body  acted 
upon.  A  foTce  may  tend  to  move  a  body  at  rest; 
it  may  tend  to  increase  or  decrease  the  speed  of 
a  moving  body;  or  it  may  tend  to  change  the 
direction  of  motion.  Application  of  a  force^toa 
body  does  not  necessaaly  result  in  a  change  in 
the  state  of  tjiotton;  it  may  only  TEND  to  cause 
such  a  change. 

A  force  is  any  push  or  pull  which  acts  on  a 
body.  Water  in  a  can  exerts  a  force  on  the  sides 
and  bottom  of  the  can.  A  tug  exerts  a  push  or  a 
pull  (force)  on  a  barge.  A  man  leaning  against  a 
bulkhead  exerts  a  force  on  the  bulkhead. 

In  the  above  examples,  a  physical  object  is 
exerting  the  force  and  is  in  direct  contact  with 
the  body  upon  which  the  force  is  being  exerted. 
Forces  of  this  type  are  called  contact  forces. 
There  are  other  forces  which  act  through  empty 
space  without  contact-in  some  cases  without 
even  seeming  to^ave  any  mass  associated  with 
them.  The  force  of  gravity  exerted  on  a  body  by 
the  earth-known  as  the  weight  of  the  body-is 
an  example  of  a  force  that  acts  on  a  body 
through  empty  .pace  and  without  contact.  Such 
a  force  is  known  as  an  action-at-a-distance  force. 
Electric  and  magnetic  fields  are  other  examples 
of  these  action-at-a-distance  forces.  The  space 
through  which  these  action-at-a-distance  forces 
are  effective  is  called  a  force  field. 

Force  is  a  VECTOR  quantity;  that  is,  it  has 
both  direction  and  magnitude.  A  force  is  com- 
pletely described  when  its  magnitude,  direction, 

so" 
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and  point  of  application  are  given..  In  a  force 
vector  diagram,  the  starting  point  of  the  line 
represents  the  point  of  application  of  the  force. 

Any  given  body,  at  any  given  time,  is  sub- 
jected to  m^iny  forces.  In  many  cases,  all  these 
forces  may  be  combined  into  a  single  RESULT- 
ANT force,  which  may  then  be  used  to  deter- 
mine the  total  effect  on  the  body. 

Each  body  of  matter  in  the  universe  attracts 
*  .  every,  other  body  with  a  force  which  is  propor- 
tional to  the  mass  of  the  bodies  and  inverse  to 
the  square  of  the  distance  between  them.  This 
force  is  called  the  in^s'lVLRSAL  FORCE  OF 
GRAVITATIONAL  ATTRACTION.  Since  every 
body  exerts  this  force  on  every  other  body, 
when  considering  the  forces  acting  on  a  single 
body,  it  is  an  almost  universal  practice  to  resolve 
all  gravitational  forces  into  a  single  resultant.  At 
or  near  the  surface  of  the  earth,  this  becomes  a 
fairly  simple  process- due  to  its  extremely  lar^e 
mass,  the  earth  exerts  such  a  large  gravitational 
attraction  that  it  is  entirely  practical  to  ignore 
all  other  such  attractions  and  merely  use  the 
earth's  gravitational  attraction  as  the  resultant* 
Although  gravitational  attraction  is  exerted 
by  each  body  on  the  other,  in  those  cases  where 
there  is  a  great  difference  in  the  mass  of  two 
bodies,  it  is  usually  more  convenient  to  consider 
the  force  as  being  exerted  by  the  larger  mass  on 
the  smaller  mass.  Thus,  it  is  commonly  stated 
that  the  earth  exerts  a  gravitational  force  of 
attraction  on  a  body.;  The  gravitational  attrac- 
tion exerted  by  the  earth  on  a  body  is  called 
GRAVITY. 

The  gravitational  force  exerted  by  the  earth 
o-^  a  body  is  called  the  WEIGHT  of  that  body, 
an  *  is  expressed  in  force  units.  In  the  English 
system,  force  is  expressed  in  pounds.  If  a  body  is 
attracted  by  a  ^gravitational  force  of  160  pounds, 
the  body  is  said  to  weigh  160  pounds.  "Tie 
gravitational  force  between  two  bodies  deer  .ses 
as  the  distance  between  them  increases;  there- 
fore, a  body  weighs  less  when  positioned  a  mile 
above  the  surface  of  he  sea  than  it  weighs  at  sea 
level  it  weighs  mtsi^c  if  positioned  a  mile  below 
sea  level..  However,  its  mass  remains  the  same 
regardless  of  its  location  with  respert  to  the 
earth's  center  of  gravity,. 
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Density  and  Specific  Gravity 

The  DENSITY  of  a  substance  is  ils^weight^er 
unit  volume.  A  cubic  foot  of  water  weighs  62.4 
pounds;  the  density  of  water  is  02.4  pounds  per 
cubic  foot.  ^ 

The  SPECIFIC  GRAVITY  (S.  G.)  of  a  sub- 
stance is  the  ratio  of  the  density  of  the 
substance  to  the  density^of  water- 


^  Q  :  weight  of  substance 

weight  of  equal  volume  of  water 

Specific  gravity  is  not  expressed  in  units  but  as  a 
pure  number..  For  example,  if  a  substance  has  a 
specific  gravity  of  4,  I  cubic  foot  of  the 
substance  weighs  4  times  as  much  as  a  cubic  foot 
of  water-62,4  times  4,  or  249.6  pounds. 

In  the  metric  system  the  density  of  water  is  I 
gram  per  cubic  centimeter.  Hence,  I  cubic 
centimeter  of  a  substance  with  a  specific  gravity 
of  4  weighs  4  grams.  Therefore,  in  metric  units 
the  specific  gravity  of  a  subst'^nce  has  the  same 
numerical  value  as  its  density. 

Specific  gravity  and  density  are  independent 
of  the  size  of  the  sample  under  consideration, 
and  depend  only  upon  the  substance  of  which 
the  sample  is  made.  See  table  4-2  for  typical 
values  of  specific  gravity  for  various  substances. 
An  object  with  a  high  specific  gravity  is  said  to 
be  more  dense  than  an  object  of  lesser  specific 
gravity. 

In  order  to  apply  the  above  formula,  a  great 
deal  of  ingenuity  is  oft'^n  needed  to  measure  the 
volume  of  irregularly  shaped  bjodies.  Sometimes 
it  is  practical  to  divide  a  body  into  a  series  of 
regularly  shaped  parts  and  then  apply  the  rule 
that  the  total  volume  is  equal  to  the  sum  of  the 
volumes  of  all  individual  parts.  Figure  4-1 
demonstrates  another  method  of  measuring  the 
volume  of  small  irregular  bodies.  The  volume  of 
water  displaced  by  a  body  si  ^Mneiged  in  water  is 
equal  to  the  volume  of  the  body. 

A  somewhat  similar  consideration's  possible 
for  floating  bodies.  A  floating  body  displaces  its 
owm  weight  of  liquid.  This  may  be  proved  by 
filling  a  container  to  the  brim  with  liquid,  then 
gently  lowering  the  body  to  the  surface  of  the 
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Table  4-2. -Typical  values  of  specific  gravity 


Specific 

Substance 

gravity 

Aluminum  .:  .   v >:  .  .  v  .  <  .>  "^^^^.^ .    .  • 

2.7 

Brass            .     .:  .     .  .     ....  .          .     .  ^t.  . 

8.6 

Copper  .                               .  .  .: ,                .  y 

8.9 

Gold     >:            .     .: .  .  >:  .;  .;       •  .  •  •  • 

19.3 

Ice    .:  .  .  .  >  .  >;    .  .                      .:  .:  .     .  .  .  .  .  . 

0.92 

Iron    .  .  .  ,  .  .  y       .  .     .  .  .     .  . 

7.8 

Lead  «  «                 .:    .     ...                 .     .  .  .     .  . 

1 1  1 
1 1  J 

Platinum  .  «  .  ....        .  .  .  .:  .  <       .     .     .  . 

21.3 

Silver    .  .  .  >  .:     .     .  .  .  « .  .  y  .  . 

10.5 

Steel  ...x...:>   , 

7.8 

Mercury      .       .                  .:  >                  .  .     .  . 

13.6 

Ethyl  alcohol  >  ... .:  .          .    :.:    .     .  x    .:  >  . 

0.81 

1.00 

liquid  and  catching  the  liquid  that  flows  over  the 
brijn.  Weighing  the  liquid  displaced  and  the 
original  body  will  prove  the  truth  of  the 
statement. 

Pressure  and  Total  Force 

/  Pressure  and  force,  while  closely  related 
topics,  are  not  the  same  thing.  A  weight  of  10 
pounds  resting  on  a  table  exerts  a  force  of  10 
pounds.  However,  the  shape  of  the  weigh^jnust 
be  taken  into  consideration  to  determine^the 
effect  of  the  weight.  If  the  weight  consists  of 
thin  sheet  of  steel  resting  on  a  flat  surface,  the 
\effect  would  be  quite  different  if  the  same  sheet 
of  steel  were  resting  on  a  sharp  corner. 

Pressure  is  concerned  with  the  distribution  of 
a  force  with  respect  to  the  area  over  which  that^ 
force  is  distributed.:  Pressure  is  definel  as  the 
force  per  unit  of  area,  or  P  =  F/A.  A  flat  pan  of 
water  with  a  bottom  area  of -24  square  inches 
and  a  total  wdfeht  of  72  pounds  exerts  a  total 
force  of  72  pounds,  or  a  pressure  of  72/24  or  3 
pounds  per  square  inch,  on  the  flat  table.  If  the 
pan  is  balanced  on  a  block  with  a  surface  area  of 
1  square  inch,  the  pressure  is  72/1  or  72  pounds 
per  square  inch.  An  aluminum  pan  with  a  thin 
bottom  is  suitable  for  use  on  a  flat  surface,  but 
may  be  damaged  if  placed  on  the  small  bloc'c. 

This  concept  explains  why  a  sharp  knife  cuts 
with  less  resistance  than  a  dull  one.  The  smaller 
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Figure  4*1.-M6isurlnQ  the  volume  of  an 
irregular  object 

area  of  the  sharp  edge  concentrates  the  applied 
Jorce  (increases  the  pressure  per  square  inch) 
and  penetrates  with  greater  ease.  For  hydraulic 
applications,  the  relationship  between  pressure 
and  force  is  the  basic  principle  of  operation.  In 
enclosed  liquids  under  .  pressure,  the  applied 
pressure  is  transmitted  equally  to  every  point  on 
the  surfaces  of  the  enclosing  container,  and  . 
therefore  the  force  on  a  given  surface  is  depen- 
dent on  ihe  area. 

Potential  and  IGnetic  Energy 

^  A  body  is  said  to  have  POTENTIAL  energy  if 
by  'Avtue  of  its  position  or  its  state  it  is  able  to 
do  worlc.  A  woUnd  clock  spring  and  a  cylinder 
of  compressed  gas  both  possess  potential  energy 
since  they  can  do  work  in  returninig  to  their 
uncompressed  condition.  Also,  a  weight  raised 
above  the  earth  has  potential  energy  since  it  can 
do  work  in  returning  to  the  ground.  Thus, 
potential  energy  results  when  work  has  been 
against  a  restoring  force.;  In  the  case  of  the 
weight,  work  was  done  against  the  force  of 
gravity  to  raise  it.  The  water  in  a  reservoir  above 
a  hydroelectric  plant  has  potential  energy 
regardless  of  whether  the  water  was  placed  there 
by  work  ajiplied  via  a  pump  o*"  by  the  work 
done  by  the  ^n  to  lift  it  from  the  sea  and  place 
it  in  the  reservoir  in  the  form  of  rain.. 
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Moving  bodies  possess  energy  because,  by 
virtue  of  their  mass  in  motion,  they  are  capable 
of  doing  work*  The  energy  of  mass  in  motion  is 
called  KINETIC  energy,  and  may  be  expressed 
by  the  equation . 

Kinetic  energy  =  1/2  mv^ 

where  m  represents  the  mass  of  the  body,  and  v 
is  the  velocity  of  its  motion.  When  the  moving 
body  is  stopped,  it  loses  its  kinetic  energy.  The 
energy  is  not  destroyed,  but  mer^y  converted 
into  other  forms  of  energy,  such  as  heat. 

STRUCTURE  OF  MATTER 

All  matter  is  composed  of  atoms,  and  these 
atoms  are,  in  turn,  coin  posed  of  smaller  sub- 
atomic particles.  The  subatomic  particles  of 
major  interest  in  elementary  physics  are  the 
electron,  the  proton,  and  the  neutron.  They  may 
be  considered  electrical  in  nature,  with  the 
proton  representing  a  positive  charge,  the  elec- 
tron representing  a  negative  charge,  and  the 
neutron  being  neutral  (neither  positive  nor 
negative).  Although  in  general  the  composition 
of  matter  follows  a  consistent  pattern  for  all 
atoms,  the  detailed  arrangement  of  subatomic 
particles  is  different  for  each  distinct  substance. 
It  is?  the  combination  and  arrangement  of  the 
subatomic  particles  which  imparts  the  distin- 
guishing chemical  and  physical  characteristics  to 
a  substance. 

The  protons  and  the  neutrons  of  an  atom  are 
closely  packed  together  in  a  nucleus  (core),  with 
the  electrons  revolving  around  the  nucleus. 
Atoms  ;ire  normally  considered  to  be  electrically 
n^utral-that  is,  they  normally  contain  an  equal 
number  of  electrons  and  protons;  but  this 
condition  does  not  actually  prevail  under  all 
circumstances.  Atoms  which  contain  an  equal 
number  of  electrons  and  protons  are  called 
balanced  atoms;  those  with  an  excess  or  a 
deficiency  of  electrons  are  called  "ions.'' 

The  proton  and  the  neutron  have  approxi- 
mately the  same  mass,  which  is  approximately 
1,836  times  the  mass  of  an  eleiron.  In  any 
atom,  nearly  all  the  mass  is  contained  in  the 
nucleus.  It  may  be  assumed  that  under  normal 


conditions  any  change  in  the  composition  of  the 
atom  would  involve  a  change  in  the  number  or 
arrangement  of  the  electrons  (due  to  the  smaller 
mass,  they  are  more  easily  I'epositioned  than  are 
the  protons  or  neutrons).  This  assumption  is 
generaUy  correct-the  most  notable  exception 
being  in  the  field  of  nuclear  physics,  or 
nucleonics.  In  chemistry  and  in  general  physics 
(including  electricity  and  electronics),  it  is  the 
electron  complement  that  is  of  major  concern. 

ELEMENT 

The  word  element  denotes  any  one  of  over 
100  natural  substances  such  as  iron,  which 
comprise  the  basic  substance  of  all  matter  Two 
or  more  elements  may  combine  chemically  to 
form  a  compound;  any  combination  which  does 
not  result  in  a  chemical  reaction  between  the 
different  elements  is  called  a  mixture.  The  atom 
represents  the  smallest  particle  of  an  element. 
An  ^^tom  of  any  one  element  differs  from  an 
atom  of  any  other  element  in  th6  number  of 
protons  in  the  nucleus;  all  atoms  of  a  given 
element  contain  the  same  number  of  protons. 
Thus,  it  may  be  seen  that  the  number  of  protons 
in  the  nucleus  determines  the  type  of  matter. 

The  various  elements  are  frequently  tabulated 
according  to  the  number  of  protons.  The  num- 
ber of  protons  in  the  nucleus  of  the  atom  is 
referred  to  as  the  atomic  number  of  the,element. 

Nucleus 

The  study  of  the  nucleus  of  the  atom,  known 
as  nucleonics  or  nuclear  physics,  has  become 
very  important  in  modern  technology.  Experi- 
ments on  nuclei  usually  involve  bombardment  of 
the  nucleus  of  an  atom,  using  various  types  of 
nuclear  particles.  By  this  method  the  composi- 
tion of  the  nucleus  is  changed,  usually  resulting 
in  the  release  of  energy.  The  change  to  the 
nucleus  may  occur  as  an  increase  or  a  decrease  in 
the  number  of  protons  iind/or  neutrons. 

If  the  number  of  protons  is  changed,  the  atom 
becomes  an  atom  of  a  different  element.  This 
process,  called  ^^transmutation,"  is  the  process 
sought  by  the  alchemists  of  the  middle  ages  in 
attempts  to  change  various  metals  into  gold. 
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Scientists  of  that  period  believed  transmutation 
could  be  accomplished  by  chemical  means  - 
hence  the  impetus  givert  to  the  development  of 
chemistry. 

If.  on  the  other  hand,  only  the  number  of 
neutrons  in  the  nucleus  is  changed,  the  atom 
remains  an  atom  of  the  same  element.  Although 
all  the  atoms  of  any  particular  element  have  the 
same  number  of  protons  (atomic  number), 
atoms  of  certain  elements  may  contain  various 
numbers  of  neutrons.  Hydrogen,  the  sole  excep- 
tion to  the,  rule  that  all  atoms  are  composed  of 
three  kinds  of  subatomic  particles,  normally 
contains  a  single  proton  and  a  single  electron 
and   no  neutrons.   However,  some  hydrogen 
atoms   do   contain   a  neutron.   Such  atoms 
(although  they  ore  atoms  of  hydrogen)  are 
known  as  deuterium,  or  "heavy  hydrogen," 
They  are  called  "heavy"  because  the  addition  of 
the  neutron  has  approximately  doubled  the 
weight  of  the  atom.  Deuterium  figured  promi- 
nently in  the  research  which  led  to  the  develop- 
ment of  nuclear  energy  and  the  atomic  bomb,. 
The  atonic  weight  of  an  atom  is  an  indication  of 
the  total  number  of  protons  and  neutrons  in  the 
atomic  nucleus. 

Atoms  of  an  element  which  have  atomic 
weights  which  differ  from  other  atoms  of  that 
element  are  called  isotopes.  Nearly  all  elements 
liave  several  isotopes;  some  are  very  common, 
and  sonve  are  very  rare.,  A  few  of  the  isotopes 
that  occur  naturally,  and  most  of  those  pro- 
duced by  nuclear  bombardment,  are  radioactive 
or  have  unstable  nuclei.  These  unstable  isotopes 
undergo  a  spontaneous  nuclear  bombardment 
which  eventually  results  in  either  a  new  element 
or  a  different  isotope  of  the  same  element..  The 
rate  of  spontaneous  radioactive  decay  is  mea- 
sured by  *1ialf-lire."  which  is  the  time  required 
for  one-half  the  atoms  of  a  sample  of  radioactive 
material  to  change  (by  spontaneous  radioactive 
decay)  into  a  different  substance.  Uranium  after 
a  few  billion  years  and  several  transmutations, 
becomes  lead. 


Election  Shells 

The  physical  and  chemical  characteristics  of 
an  element  are  determined  by  the  number  and 


distribution  of  electrons  in  the  atoms  of  that 
element.  The  electrons  are  arranged  in  successive 
groups  of  electron  shells  of  rotation  around  the 
nucleus;  each  ^l  ell  can  contain  no  more  than  a 
specific  number  of  electrons.  An  INERT  ele- 
ment (that  is,  one  of  the  few  gas  elements  which 
does  not  combine  chemically  with  any  other 
element)  is  a  substance  in  which  the  outer 
electron  shell  of  each  atom  is  completely  filled 
(as  in  helium  and  neon)  or  has  exactly  eight 
electrons  (as  ui  argon,  krypton,  and  xenon).  All 
other  elements  are  active  to  varying  degrees 
because  their  outer  shells  are  not  filled  and  do 
not  contain  eight  electrons.  An  atom  with  only 
one  or  two  electrons  in  its  outer  shell  can  be 
made  to  give  up  those  electrons:  an  atom  whose 
outer  shell  needs  only  one  or  two  electrons  to  be 
completely  filled  or  to  have  a  total  of  eight  can 
accept  electrons  from  another  element  which 
has  one  or  two  "extras,"  Atoms  that  have  either 
gained  or  lost  electrons  are  called  "ions,^' 

The  concept  of  **needed"  or  "extra''  electrons 
arises  from  the  basic  fact  that  all  aioms  have  a 
tendency  toward  completion  (filling)  of  the 
outer  shell,  or  the  attainment  of  exactly  eight 
electrons  in  that  shell.  An  atom  whose  outer 
shell  has  only  two  electrons  may  have  to  collect 
six  additional  Ones  (no  easy  task,  from  an  energy 
standpoint)  in  order  to  have  the  eight  required*, 
A  much  easier  way  to  achieve  the  same  objective 
is  to  give  up  the  two  electrons  in  the  outer  shell 
and  let  the  full  shell  next  to  it  serve  as  the  new 
outer  shell.  Atoms  of  certain  elements  can  also 
share  each  other's  electrons  to  become  more 
stable..  In  chemical  terminology,  this  concept  of 
accepting,  losing,  or  sharing  electrons  is  called 
valence.  Valence  is  the  prime  detennining  factor 
in  predicting  chemical  combinations, 

COMPOUNDS  AND  MIXTURES 

Under  certain  conditions,  two  or  more 
elements  can  be  brought  together  in  such  a  vvay 
that  they  unite  chemically  to  form  a  COM- 
POUND. The  resulting  substance  may  differ 
widely  from  any  of  its  component  elements:  for 
example,  ordinary  drinking  water  is  formed  by 
the  chemical  union  of  two  gases  hydrogen  and 
oxygen.;  When  a  compound  is  produced,  two  or 
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.  more  atoms  of  the  combining  elements  join 
chemically  to  form  the  MOLECULE  that  is 
typical  of  the  new  compound.  The  molecule  is 
the  smallest  unit  that  exhibits  the  distinguishing 
characteristics  of  a  compound. 

The  combination  of  sodium  and  chlorine  to 
fojfn  the  chemical  compound  sodium  chloride 
(common  table  salt)  is  a  typical  example  of  the 
formation  of  ionic  compounds.  An  atom  of 
sodium  contains  eleven  electrons;  its  outer  shell 
consists  of  a  singly  electron,  which  may  be 
considered  **extra"  (a  valence  of +1).  An  atom 
of  chlorine,  having  seventeen  electrons,  "lacks** 
a  single  electron  (has  a  valence  of -1)  to  fill  its 
outer  shell.  When  the  atom  of  sodium  gives  up 
its  extra  electron,  it  becomes  a  positively 
charged  ion.  (It  has  lost  a  unit  of  negative 
change.)  The  chlorine,  having  taken  on  this  extra 
unit  of  negative  charge  (electron)  to  fill  its  outer 
shell,  becomes  a  negative  ion.  Since  opposite 
electric  charges  attract,  the  ions  stick  together  to 
form  a  molecule  of  the  compound  sodium 
chloride. 

The  attracting  force  which  holds  the  ions 
together  is  known  as  the  ionic  bond. 

The  combination  of  one  carbon  and  two 
oxygen  atoms  to  form  carbon  dioxide  is  a 
typical  example  of  the  formation  of  molecular 
a)mpounds.  A  carbon  atom  has  four  electrons  in 
its  outermost  sheU  and  an  oxygen  atom  has  six 
in  its  outermost  shell.  Due  to  the  great  difficulty 
(energy  cost)  for  carbon  to  gain  or  lose  four 
electrons,  it  shares  two  of  its  valence  electrons 
with  each  oxygen  atom  and  each  oxygen  atom 
shares  two  of  its  valence  electrons  with  each 
carbon  atom.  Therefore,  all  have  eight  electrons 
in  their  o^utermost  shells-hence  the  great  sta- 
bility of  carbon  dioxide.  This  type  of  chemical 
bonding  is  called  **covalent." 

Ionic  and  covalent  bonds  are  generally  known 
^s  **valence  bonds,"  a  term  which  is  frequently 
encountered  in  the  study  of  transistors. 

Note  that  in  chemical  combinations,  there  has 
been  no  change  in  the  nucleus  of  either  atom; 
the  only  change  has  occurred  in  the  distribution 
of  electrons  oetween  the  outer  shells  of  the 
atoms.  Also  note  that  the  total  number  of 
electrons  has  not  changed,  although  there  has 
been  a  slight  redist'-ibution,  Therefore,  the  mole- 


cule is  electrically  neutral  and  has  no  resultant 
electrical  charge. 

Not  all  chemical  combinations  of  atoms  are 
on  a  one-for-one  basis.  In  the  case  of  drinking 
water,  two  atoms  of  hydrogen  (valence  of  +1) 
are  required  to  combine  with  a  single  atom  of 
oxygen  (valence  of  -2)  to  form  a  single  molecule 
of  water.  Some  of  the  more  complex  chemical 
compounds  consist  of  many  elements  with 
various  numbers  of  atoms  of  each.  All  mole- 
cules, like  all  atoms,  are  normally  considered  to 
be  electrically  neutral.  There  are  some  excep- 
tions to  this  rule,  however,  a  specific  case  of 
interest  being  the  chemical  activity  in  batteries. 

Elements  or  compounds  may  be  physically 
combined  without  necessarily  undergoiig  any 
chemical  change.  Grains  of  finely  powdered  iron 
and  sulfur  stirred  and  shaken  together  retain 
their  own  identity  as  iron  or  sulfur.  Salt 
dissolved  ii^  water  is  not  a  compound;  it  is 
merely  salt  dissolved  in  water.  Each  chemical 
substance  retains  its  chemical  identity,  even 
though  it  may  undergo  a  physical  change.  This  is 
the  typical  characteristic  of  a  MIXTURE. 

STATES  OF  MATTER 

In  their  natural  condition,  forms  of  matter  are 
classified  and  grouped  in  many  different  ways. 
One  such  classification  is  in  accordance  with 
their  natural  state-solid,  liquid,  or  gas.  This 
classification  is  important  because  of  the 
common  characteristics  possessed  by  substances 
in  one  group  which  distinguish  them  from 
substances  in  the  other  groups.  However,  the 
usefulness  of  the  classification  is  limited  by  the 
fact  that  most  substances  can  be  made  to  assume 
any  of  the  three  forms. 

In  all  matter,  the  molecules  are  assumed  to  be 
in  constant  motion,  and  it  is  the  extent  of  this 
motion  that  determines  the  state  of  matter.  The 
moving  molecular  particles* in  all  matter  possess 
kinetic  energy  of  motion.  The  total  of  this 
kinetic  energy  is  considered  to  be  the  equivalent 
of  the  quantity  of  heat  in  a  sample  of  the 
substance.  When  heat  is  added,  the  energy  level 
is  increased,  and  molecular  agitation  (motion)  is 
increased.  When  heat  is  removed,  the  energy 
level  decreases,  and  molecular  agitation  dimin- 
ishes. 
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in  solids,  motion  of  the  molecules  is  greatly 
restricted  by  the  rigidity  of  the  crystalline 
structure  of  the  material  In  liquids^  the  molec- 
ular motion  is  somewhat  less  restricted,  and  the 
su'^stance  as  a  whole  is  permitted  to  "flow."  In 
gases,  molecular  motion  is  almost  entirely  ran- 
dom-the  molecules  are  free  to  move  in  any 
direction  and  are  almost  constantly  in  collision 
both  among  themselves  and  with  the  surfaces  of 
the  container.. 

This  topic  and  some  of  its  more  important 
implications  are  discussed  in  detail  under  the 
heading  "Heat"  in  a  later  section  of  this  chapter. 

Solids 

The  outstanding  characteristic  of  a  solid  is  the 
tendency  to  retain  its  size  and  shape.  Anyl 
change  in  these  values  requires  an  exchange  of 
energy.  The  common  properties  of  a  solid  are 
cohesion  and  adhesion,  tensile  strength,  ductil- 
ity, malleability,  hardness^  brittleness,  and  elas- 
ticity. Ductility  is  a  measure  of  the  ease  with 
which  the  material  can  be  drawiv  into  a  wire. 
Malleability  refers  to  the  abiUty  of  some? 
materials  to  assume  a  new  shape  when  pounded. 
Hardness  and  brittlenes$  are  self-explanatory 
terms.  The  remaining  properties  are  discussed  in 
more  detail  in  the  following  paragraphs. 

COHESION  AND  ADHESION.-Cohesion  is 
the  molecular  attraction  between  like  particles 
throughout  a  body,  or  the  force  that  holds  any 
substance  or  body  together.  Adhesion  is  the 
molecular  attraction  existing  between  surfaces 
of  bodies  in  contact,  or  the  force  which  causes 
unlike  materials  to  stick  together. 

Cohesion  and  adhesion  are  possessed  by  dif- 
ferent materials  in  widely  varying  degrees.  In 
general,  solid  bodies  are  highly  cohesive  but  only 
slightly  adhesive.  Fluids  (liquids  and  gases),  on 
the  other  hand,  are  usually  quite  highly  adhesive 
but  only  slightly  cohesive.  Generally  a  material 
•  haviJig  one  of  these  properties  to  a  high  degree 
will  possess  the  other  property  to  a  relatively 
low  degree. 

TENSILE  STRENGTH.-The  cohesion  be- 
tween the  molecules  of  a  solid  explains  the 
property  called  tensile  strength.  This  is  a  mea- 
sure of  the  resistance  of  a  solid  from  being 
pulled  apart.  Steel  possesses  this  property  to  a 


high  degree,  and  is  thus  very  useful  in  structural 
work.  When  a  break  does  occur,  the  pieces  of 
the  solid  cannot  be  stuck  back  together  because 
merely  pressing  them  together  does  not  bring 
the  molecules  into  ^ose  enough  contact  to 
restore  the  molecular  force  of  cohesion.  How- 
ever, melting  the  edges  of  the  break  (welding) 
allows  the  molecules  on  both  sides  of  the  break 
to  flow  together,  thus  bringing  them  once  again 
into  the  close  contact  required  for  cohesion. 

ELASTICITY.-If  a  substance  will  spring  back 
to  its  original  form  after  being  deformed,  it  has 
the  property  of  elasticity.  This  property  is 
desirable  in  materials  to  be  used  as  springs.  Steel 
and  bronze  are  examples  of  materials  which 
exhibit  tliis  property. 

Elasticity  of  compression  is  exhibited  to  some 
degree  by  all  solids,  liquids,  and  gases;  the 
closeness  of  the  molecules  in  solids  and  liquids 
makes  them  hard  to  compress,  but  gases  are 
easily  compressed  because  the  molecules  are 
further  apart. 

Liquids 

The  outstanding  characteristic  of  a  liquid  is  its 
tendency   to  retain  its  own  volume  while 
.  assuming  the  shape  of  its  container;  thus  a  liquid 
is  considered  almost  completely  flexible  and 
highly  fluid. 

Liquids  are  practicaUy  incompressible;  applied 
pressure  is  transmitted  through  them  instan- 
taneously, equally,  and  und^inished  to  all 
points  on  the  enclosing  surfaces.  Hydraulic 
apparatus  can  be  used  to  increase  or  to  decrease 
input  forces,  thus  providing  an  action  similar  to 
that  of  mechanical  advantage  in  mechanical 
systems.  Because  of  these  properties,  hydraulic 
servomechanisms  have  advantages  (as  well  as 
disadvantages  and  limitations)  when  compared 
with  other  types  of  servosystems.  ^ 

The  fluidity  of  hydraulic  liquids  permitsjhe^y 
component  parts  of  the  system  toHBe"  placed 
conveniently  at  widely  separated  points  when 
necessary.  Hydraulic  power  units  can  transmit 
energy  around  corners  and  bends  without  the 
\  use  of  complicated  gears  and  levers.  They 
operate  with  a  minimum  of  slack  and  friction, 
which  are  often  excessive  in  mechanical  linkages. 
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Uniform  action  is  obtained  without  vibration, 
and  the  operation  of  the  system  remains  largely 
unaffected  by  variations  in  load.  The  accumu- 
lator (which  provides  the  necessary  pressuriza- 
tion  of  the  system  to  furnish  practically 
instantaneous  response)  can  be  pressurized  dur- 
ing periods  of  nonaction,  thus  eliminating  the 
"buildup  time"  characteristic  of  electric  servos. 

Gases 

The  most  notjible  characteristics  of  a  gas  are 
the  tendency  to  assume  not  only  the  shape  but 
also  the  volume  of  its  container  and  the  definite 
relationship  that  exists  between  the  volume, 
pressure^  and  temperature  of  a  confined  gas. 

The  abihty  of  a  gas  to  assume  the  shape  and 
volume  of  its  container  is  the  result  of  its 
extremely  active  molecular  particles,  which  are 
free  to  move  in  any  direction.  Cohesion  between 
molecules  of  a  gas  is  extremely  small,  so  the 
molecules  tend  to  separate  and  distribute  them- 
selves uniformly  throughout  the  volume  of  the 
container.  In  an  unpressurized  container  of 
liquid,  pressuie  is  exerted  on  the  bottom  and  the 
sides  of  the  container  up  to  the  surface  of  the 
liquid.  In  a  container  of  gas  however,  the 
pressure  is  also  exerted  against  the  top  surface, 
and  fhe  pressure  is  equal  at  all  points  on  the 
enclosing  surfaces. 

The  relationship  of  volume,  pressure,  and 
temperature  of  a  confined  gas  are  explained  by 
Boyle's  law,  Charles'  law,  and  the  general  law  for 
gases. 

Many  laboratory  experiments  based  on  these 
laws  make  use  of  the  ideas  of  "standard 
pressure"  and  "standard  temperature."  These 
are  not  natural  standards,  but  are  standard 
values  selected  for  convenience  in  laboratory 
usage.  Standard  values  are  generally  used  at  the 
beginning  of  an  experiment,  or  when  a  tempera- 
ture or  a  pressure  is  to  be  held  constant. 
Standard  temperature  is  0*^C,  the  temperature  at^ 
which  pure  ice  melts.  Standard  piessure  is  the 
pressure  exerted  by  a  column  of  mercury  760 
millimeters  high.  Tn  many  practical  uses  these 
standards  must  be  changed  to  other  systems  of 
measurement. 

All  calculations  based  on  the  laws  of  gases 
make   use   of  ••absolute"   temperature  and 


pressure.  These  topics  require  a  somewhat  mofe 
detailed  explanation. 

GAS  PRESSURE. -Gas  pressure  may  be  indi* 
cated  in  either  of  two  ways-absolute  pressure  or 
gage  pressure.  Since  the  pressure  of  an  absolute 
vacuum  is  zero,  any  pressure  measured  with 
respect  -  to  this  reference  is  referred  to  as 
••absolute  pressure."  In  the  present  discussion, 
••absolute  pressure"  represents  the  actual 
pressure  exerted  by  the  confined  gas. 

At  sea  level  the  average  atmospheric  pressure 
is  approximately  14.7  pounds  per  square  inch 
(psi).  This  pressure  would,  in  a  mercurial  barom- 
eter, support  a  column  of  mercury  760  milli- 
meters in  height.  Thus,  normal  atmospheric 
pressure  is  the  standard  pressure  mentioned 
previously.  However,  the  actual  pressure  at  sea 
level  varies  considerably;  and  the  pressure  at  any 
given  altitude  above  sea  level  differs  from:  that  at 
sea  level.  Therefore,  it  is  necessary  to  take  into 
consideration  the  actual  atmospheric  pressure 
when  converting  absolute  pressure  to  gage  pres- 
sure (or  vice  versa). 

When  a  pressure  is  expressed  as  the  difference 
between  its  absolute  value  and  that  of  the  local 
atmospheric  pressure,  the  measurement  is  desig- 
nated ••gage"  pressure,  and  is  usually  expressed 
in  ••pounds  per  square  inch  gage"  (psig).  Gage 
pressure  may  be  converted  to  absolute  pressure 
by  adding  the  local  atmospheric  pressure  to  the 
gage  pressure. 

ABSOLUTE  ZERO.-^Absolute  zero,  one  of 
the  fundamental  constants  of  physics,  is  usually 
expressed  in  terms  of  the  Celsius  scale,  lis  most 
frequent  use  is  in  the  «tudy  of.  the  kineric  theory 
of  gases.  In  accordance  with  the  kinetic  theory, 
if  the  heat  energy  of  a  given  gas  sample  could  be 
progressively  reduced,  some  temperature  should 
be  reached  at  which  the  motions  of  the  mole- 
cules would  cease  entirely.  If  accurately  deter- 
mined, this  temperature  could  then  be  taken  as 
a  natural  reference,  or  a  true  ••absolute  zero" 
value.  ^ 

Experiments  with  hydrogen  (making  use  of 
the  proven  correlation  with  the  volume,  tem- 
perature, and  pressure  of  gases,  and  by  calcu- 
lations based  on  this  correlation)  indicated  that 
if  a  gas  were  cooled  to  -273.16*"  C  (used  as  -273"* 
for  most  calculations),  all  molecular  morion 
would  cease  and  no  additional  heat  could  be 
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extracted  from  the  subs^mce. 

When  temperatures  are  measured  with  respect 
to  the  absolute  zero  reference,  they  are  said  to 
be  expressed  in  the  absolute,  or  Kelvin,  scale. 
Thus,  absolute  zero  may  be  expressedieither  as 
O^Koras-273'^C. 

BOYLE'S  LAW.-The  English  scientist  Robert 
-Boyle  was  among  the  first  to  study  what  he 
called  the  '^springiness  of  air."  By  direct 
measurement  he  discovered  that  when  the. tem- 
perature of  an  enclosed  sample  of  gas  was  kept 
constant  and  the  pressure  doubled,  the  volume 
was  reduced  to  half  the  former  value;  as  the 
applied  pressure  was  decreased,  the  resulting 
volume  increased.  From  thfese  observations,  he 
concluded  that  for  a  constant  temperature  the 
product  of  the  volume  and  pressure  of  an 
enclosed  gas  remains  constant.  Boyle's  law  is 
normally  stated:  'The  volume  of  an  enclosed 
dry  gas  varies  inversely  with  its  pressure,  pro- 
vided the  temperature  remains  constant." 

In  equation  form,  this  relationship  may  be 
expressed  either 

V.P.  =V,p2, 

V2  Pi 

where  Vi  and  P|  are  the  original  volume  and 
pressure,  and  V2  and  P2  are  the  revised  volume 
and  pressure. 

CHARLES*  LAW.-The  French  scientist 
Jacques  Charles  provided  much  of  the  founda- 
tion for  the  modern  kinetic  theory  of  gases.  He 
found  that  all  gases  expand  and  contract  in 
direct  proportion  to  the  change  in  the  absolute 
temperature,  provided  the  pressure  is  held  con- 
stant. Expressed  in  equation  form,  this  part  of 
the  law  may  be  expressed 

VjT^  =  VjT,, 

or 

T.  ^Tj 


where  Vi  and  refer  to  the  original  and  final 
volumes,  and  tj  and  T2  indicate  the  corre- 
sponding absolute  temperatures. 

Since  any  change  in  the,  temperature  of  a  gas 
'causes  a  corresponding  change  in  volume,  it  is 
reasonable  to  expect  that  if  a  given\sample  of  a 
gas  Were  heated  while  confined  witfiin  a  given 
volume,,  the  pressure  should  increaseVBy  actual 
experih^ent,  it  was  found  that  the  increase^  in 
pressure'was  approximately  1/273  of\the  0°  C 
'  pressure. for  each  1"*  C  increase.  Because  of  this 
fact,  it  is  normal  practice  to  state  this  relation- 
ship in  termsxof  absolute  temperature..  Ill,  equa- 
tion form,^  this  jJart  of  the  law  becomes 

Pi  fa  ~  , 

\ 

or , 

T.    Ta  I 

/ 

In  words,  this  equation  states  that  with  a  constant : 
volume,    the    absolute    pressure    of   a  gas 
varies  directly  with  the  absolute  temperature. 

The  principles  of  Charles'  law  may  be  illus- 
trated by  the  weight  of  Jp-4  fuel.  The  energy 
developed  by  an  engine  is  determined  by  the 
mass  of  fuel  it  uses  rather  than  by  the  volume, 
and  more  fuel  can  go  into  the  same  volume  of 
^pace  on  a  cold  day  than  on  a  hot  day.  A  single 
gallon  of  Jp-4  fuel  under  standard  '  day 
conditions-15°  C  (59^.F)  and  29,92  ^in./Hg 
(14.7  Ibs/sq  in.)  at  sea  level-will  weigh  approxi- 
mately 6.5  pounds.  If  the  temperature  increases 
to  approximately  50^  C  (122^  F),  the  gallon  of 
JP-4  will  weigh  approximately  6,3  pounds.  The 
increase  in  temperature  causes  the  molecules  to 
become  more  active  and  the  space  between  the 
molecules  increases.  The  same  mass  of  fuel  now 
occupies  more  than  one  gallon  of  space.  Refer- 
ring to  Charles'  law,,  if  the  temperature  increases, 
the  volume  must  also  increase  to  contain  the 
same  amount  of  mass. 

The  importance  of  this  variation  in  the  weiglit 
of  fuel  becomes  apparent  when  one  considers 
large  quantities  such  as  10,000  gallons  which 
may  be  used  in  large  transport  or  patrol  aircraft. 
Expansion  and  contraction  can  cause  the  air- 
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craft*s  fuel  to  vary  in  weight  by  2,000  pounds  (a 
ton  of  fuel)  or  more. 

GENERAL  GAS  LAW.^The  facts  concerning 
gases  discussed  in  the  preceding  sections  are 
..summed  up  and  illustrated  in  figure  4-2.  Boyle's 
law  is  expressed  in  (A)  of  the  figure,  while  the 
effects  of  temperature  changes  on  pressure  and 
volume  (Charles'  law)  are  illustrated  in  (B)  and 
(C),  respectively. 

By  combining  Boyle's  and  Charles'  laws,  a 
sin^e  expression  can  be  derived  which  states  all 
the  informatiofp contained  in  both.  This  expr^ls- 
sion  is  called  the  GENERAL  GAS  EQUATION, 
a  very  useful  form  of  which  is  given  by  the 
following  equation.  (NOTE:  The  capital  P  and  T 
signify  absolute  pressure  and  temperature, 
respectively.) 


It  can  be  seen  by  examination  of  figure  4-2 
that  the  three  equations  are  special  cases  of  the 
general  equation.  Thus,  if  the  temperature 
remains  constant,  Ji  equals  T2  and  both  can  be 
eliminated  from  the  general  formula,  which  then 
reduces  to  the  form  shown  in  (A).  When  the 
volume  remains  constant,  Vi  equals  V2 ,  thereby 
reducing  the  general  equation  to  the  form  given 
in  (B).  Similarly,.  P^  is  equated  to  Pj  for 
constant  pressure,  and  the  equation  then  takes 
the  form  given  in  (C). 

It  should  be  understood  that  the  general  gas 
law  applies  only  when  one  of  the  three  measure- 
ments remains  constant.  When  a  gas  is  com- 
pressed, work  energy  is  converted  to  heat  energy 
in  the  gas  so  that  dynamical  heating  of  the  gas 
takes  place.  Experiments  have  shown  that  when 
air  at  tf*  C  is  compressed  in  a  nonconducting 
cylinder  to  half  its  original  volume  its  rise  in 
temperature  is  90*  C,  and  when  compressed  to 
one-tenth,  its  rise  is  429*"  C. 

The  general  gas  law  applies  with  exactness 
only  to  **idear'  gases  in  which  the  molecules  are 
assumed  to  be  perfectly  elastic.  However,  it 
describes  the  behavior  of  actual  gases  with 
sufficient  accuracy  for  most  practical  purposes. 


TaffauTUKc 
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Figure  4-2.-The  general  gas  law. 
MECHANICS 

Mechanics  is  that  branch  of  physics  which 
deals  primarily  with  the  ideas  of  force,  mass,  and 
motion.  Normally  considered  the  fundamental 
branch  of  physics,  it  deals  with  matter.  Many  of 
its  principles  and  ideas  may  be  seen,  measured, 
and  tested.  Since  all  other  branches  of  physics 
are  also  concerned  (to  some  extent  at  least)  with 
force,  mass,  and  motion,  a  thorough  under- 
standing of  this  section  will  aid  in  the  under- 
standing of  later  sections  of  this  chapter. 

FORCE,  MASS,  AND  MOTION 

Each  particle  in  a  body  is  acted  upon  by 
gravitational  force.  However,  in  every  body 
there  is  one  point  at  which  a  single  force,  equal 
to  the  gravitational  force  and  directed  upward, 
would  sustain  the  body  in  a  condition  of  rest. 
This  point  is  known  as  the  CENTER  OF 
GRAVITY,  and  represents  the  point  at  which 
the  entire  mass  of  the  body  appears  to  be 
concentrated.  The  gravitational  effect  is 
measured  from  the  center  of  gravity.  In  sym- 
metrical objects  of  uniform  mass,  this  is  the 
geometrical  center.  In  the  case  of  the  earth,  the 
center  of  gravity  is  near  the  center  of  the  earth. 

When  considering  the  motion  of  a  body,  it  is 
usually  convenient  to  describe  the  path  followed 
by  the  center  of  gravity.  The  natural  tendency 
of  a  moving  body  is  to  move  in  a  manner  so  that 
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Figure  4-3. -Center  of  gravity  In  various  bodies. 
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Figure  4-4.-Center  of  gravity  and  center  of  rotation. 

the  center  of  gravity  travels  in  a  straight  line. 
Movement  of  this  type  is  called  LINEAR 
motion. 

Some  moving  bodies,  however,  do  not  move 
in  a  straight  line  but  describe  an  arc  or  a  circular 
path.:  Circular  motion  falls  into  two  general 
classes- rotation  and  revolution. 

Since  objects  come  in  many  different  shapes, 
in  order  to  discuss  rotary.\and  revolutionary 
motion,  it  becomes  necessary\to  consider  the 
location  of  the  center  of  gravit>\with  respect  to 
the  body.  Refer  to  figure  4-3  foKthe  following 
discussion.  ^  \ 

In  (A),  the  center  of  gravity  of  a  ball 
coincides  with  the  physical  center  of  the  ball. 
However,  in  the  flat  washer,  (B),  the  center  of 


gravity  does  not  coincide  with  any  part  of  the 
object,  but  is  located  at  the  center  of  the  hollow 
space  inside  the  ring.  In  irregularly  shaped 
bodies,  the  center  of  gravity  may  be  difficult  to 
locate  exactly.. 

If  the  body  is  completely  free  to  rotate,  the^ 
center  of  rotation  coincides  with  the  center  ot 
gravity.  On  the  other  hand,  the  body  may  be 
restricted  in  such  a  manner  that  rotation  is 
ab^^ut  some  point  other  iban  the  center  of 
gravity.:  In  this  event,  the  center  of  gravity^ 
revolves  around  the  center  of  rotation.  This^ 
condition  is  illustrated  in  figure  4-4. 

In  general  usage,  the,  gyro  rotor  (A)  is  said  to 
ROTATE  about  its  axis,  and  the  ball  (B)  is  said 
to  REVOLVE  about  ajpoint  at  the  center  of  its 
path.  I 

Masses  in  Motion  j 

MOTION  may  be  defined  as  the  *'act  or 
process  of  changing  place  or  position.''  The 
**state  of  motion"  refers^to  the  amount  and  the 
type  of  motioA  possessed  by  a  body  at  some 
definite  instant  (or  during  some  interval)  of 
time.  A  body  at  rest  is  not  changing  in  place  or 
position;  it  is  said  to  have  zero  motion,  or  to  be 
motionless. 

The  natural  tendency  of  any  body  at  rest  is  to 
remain  at  rest.  A  moving  body  tends  to  continue 
moving  in  a  straight  line  with  no  change  in  speed , 
or  direction,  and  a  body  which  obeys  this 
natural  tendency  is  said  to  be  in  uniform 
motion. 

Any  change  in  the  speed  or  direction  of 
motion  of  a  bodv  is  known  as  acceleration  and 
requires  the  application  of  some  force..  The 
acceleration  of  a  body  is  directly  proportional  to 


the  force  causing  that 


acceleration;  acceleration 
depends  also  upon  thi  mass  of  the  body  acted 
upon..  The  greater  mass  of  a  lead  ball  makes  it 
harder  to  move  than  a  wood  ball  of  the  same 
diameter..  The  wood  ball  moves  farther  with  the 
same  push. 

These  observations  point  to  a  connection 
between  force,  mass,  and  acceleration,  and 
indicate  that  the  acceleration  of  a  body  is 
directly  proportional  to  the  force  exerted  on 
that  body  and  inversely  proportional  to  the 
mass  of  that  body.  In  mathematical  form,  this 
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relationship  may  be  expressed  as 


WORK,  POWER,  AND  ENERGY 


a  ~  —(Newton's  second  law  of  motion) 

or,  as  it  is  more  commonly  stated:  Force  is  equal 
to  the  product  of  the  mass  and  acceleration 
(F  «  ma). 

If  the  accelerating  force  is  applied  to  the 
center  of  gravity  in  such  a  manner  as  to  accel- 
erate the  body  with  no  rotation,  it  is  called  a 
TRANSLATIONAL  force.  A  force  applied  in 
such  a  manner  as  to  cause  the  body  to  rotate 
about  a  point  is  called  a  TORQUE  force. 

Laws  of  Motion 

Among  the  most  important  discoveries  in 
theoretical  physics  are  the  three  fundamental 
laws  of  motion  attributed  to  Newton.  Although 
some  of  these  laws  have  been  used  in  explana- 
tions of  various  topics  earlier  in  this  chapter, 
they  are  restated  and  consolidated  at  this  point 
to  clarify  and  summarize  much  of  the  discussion 
regarding  mechanical  physics.  This  restatement 
and  consolidation  are  also  used  to  introduce 
additional  aspects  involving  the  applications  of 
basic  mechanical  principles. 

L  Every  body  tends  to  maintain  a  state  of 
uniform  motion  unless  a  force  is  applied  to 
change  the  speed  or  direction  of  motion. 

2.  The  acceleration  of  a  body  is  directly 
proportional  to  the  magnitude  of  the  applied 
force  and  inversely  proportional  to  the  mass  of 
the  body;  acceleration  is  in  the  direction  of  the 
applied  force. 

3.  For  every  force  applied  to  a  body,  the 
body  exerts  an  equal  force  in  the  opposite 
direction. 

Momentum 

Every  moving  body  tends  to  maintain  uni- 
form motion.  Quantitative  measurement  of  this 
tendency  is  proportional  to  the  mass  of  the 
body,  and  also  to  its  velocity.  (Momentum  = 
mass  X  velocity.)  This  explains  why  heavy 
objects  in  motion  at  a  given  speed  are  harder  to 
stop  than  lighter  objects,  and  also  why  it  is 
easier  to  stop  a  given  body  moving  at  low  speed 
than  it  is  to  stop  the  same  body  moving  at  high 
speed. 


As  defined  eariier,  energy  is  the  cap?  -ty  for 
doing  work.  In  mechanical  physics,  WORK 
involves  the  idea  of  a  mass  in  motion,  and  is 
usually  regarded  as  the  product  of  the  applied 
force  and  the  distance  through  which  the  mass  is 
moved  (work  =  force  x  distance).  Thus,  if  a  man 
raises  a  weight  of  100  poun4s  to  a  height  of  10 
feet,  he'  accomplished  1,000  foot-pounds  of 
work.  The  amount  of  work  he  accomplishes  is 
the  same  regardless  of  the  time  involved.  How- 
ever, the  RATE  of  doing  the  work,  may  vary 
greatly. 

The  rate  of  doing  work  (called  POWER)  is 
defined  as  the  work  accomplished  per  unit  of 
time  (power  =  work/time).  In  the  example  cited 
above,  if  the  work  is  accomplished  in  10 
seconds,  power  is  being  expended  at  the  rate  of 
100  foot-pounds  per  second;  A  it  takes  5 
minutes  (300  seconds),  the  rate  is  approximately 
3.3  foot-pounds  per  second. 

In  the  English  system  of  measurements,  the 

^  unit  of  mechanical  power  is  called  the  HORSL- 
POWER  and  is  the  equivalent  of  33,000  ibot- 

^  pounds  per  minute,  or  550  foot-pountlt  per 
second.  Since  energy  is  readily  convertible  from 
one  form  to  another,  the  work  and  power 
measurements  based  on  the  conversion  of  energy 
must  also  be  readily  convertible.  As  an  example, 
the  electrical  unit  of  power  is  the  watt.  Elec- 
trical energy  may  be  converted  into  mechanical 
energy;  therefore,  electrical  power  must  be 
convertible  into  mechanical  power.  One  horse- 
power is  the  mechanical  equivalent  of  746  watts 
of  electrical  power,  and  is  capable  of  doing  the 
same  amount  of  work  in  the  same  time. 

The  accomplishment  of  work  always  involves 
a  change  in  the  type  of  energy,  but  does  not 
change  the  total  quantity  of  energy.  Thus, 
energy  applied  to  an  object  may  produce  work, 
changing  the  composition  of  the  energy 
possessed  .ae  object.  When  the  work  stops, 
energy  is  no  longer  being  "expended,"  so  energy 
must  once  again  be  converted  in  form-but  not 
necessarily  into  its  original  form., 

Efficiency 

Provided  there  is  no  change  in  the  quantity  of 
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matter,  energy  is  convertible  with  no  gain  or 
loss.  However,  the  energy  resulting  from  a  given 
action  may  not  be  in  the  desired  form-it  may 
not  even  be  usable  in  its  resultant  form.  In  all 
branches  of  physics,  this  concept  is  known  as 
EFFICIENCY. 

The  energy  expended  is  always  greater  than 
the  energy  recovered.  An  automobile  in  motion 
possesses  a  quantity  of  kinetic  energy  dependent 
on  its  mass  and  velocity.  Irt  order  to  stop  the 
car,  this  energy  must  be  converted  into  potential 
energy.:  When  the  car  comes  to  rest,  its  potential 
energj'  is  considerably,,  less '  than  the  kinetic 
energy  it  possessed  viiile  in  motion.  The  dif- 
ference, or  the  **energy  lost,"  is  converted  into 
heat  by  the  brakes.  The  heat  serves  no  useful 
purpose,  so  the  recovered  energy  is  less  than  the 
expended  energy- the  system  is  less  than  100 
percent  efficient  in  converting  kinetic  to 
potential  energy. 

The  term  efficiency  is  nonnally  used  in 
connection  with  work  and  power  considerations 
to  denote  the  ratio  of  the  input  to  the  output 
•work,  power,  or  energy,  E  It  is  always 

expressed  as  a  decimal  or  as  a  percent  less  than 
unity  (Jess  than  one). 

Friction 

In  mechanical  physics,  the  most  common 
cause  for  the  loss  of  efficiency  is  FRICTION. 
Whenever  one  object  is  slid  or  rolled  over 
another,  irregularities  in  the  contacting  surfaces 
interlock  and  cause  an  opposition  to  the  force 
being  exerted.  Even  rubbing  two  smooth  pieces 
of  ice  together  produces  friction,  although  of  a 
much  smaller  magnitude  than  in  the  case  of  two 
rough  stones.  Friction  also  existsMn  the  contact 
of  air  with  all  exposed  parts  of  an  aircraft  in 
flight. 

When  a  nail  is  struck  with  a  hammer,  the 
energy  of  the  hammer  is  transferred  to  the  nail, 
and  the  nail  is  driven  into  a  board.  The  depth  of 
penetration  depends  on  the  momentum  of  the 
hammer,  the  size  and  shape  of  the  nail,  and  the 
hardness  of  the  wood.  The  larger  or  duller  the 
nail  and  the  harder  the  wood,  the  greater  the 
friction,  and  therefore  the  lower  the  efficiency 
and  less  depth  of  penetration -but  the  greater 
the  heating  of  the  nail. 


Friction  is  always  present  in  moving 
machinery  and  accounts  in  part  for  the  fact  that 
the  useful  work  accomplished  by  the  machine  is 
never  as  great  as  the  energy  applied.  Work 
accomplished  in  overcoming  friction  is  usually 
not  recoverable.  Friction  can  be  minimized  by 
decreasing  the  number  of  contacting  points,  by 
making  the  contacting  areas  as  small  and  as 
smooth  as  possible,  by  the  use  of  bearings,  or  by 
the  use  of  lubricants. 

There  are  two  kinds  of  friction-sliding  and 
rolling,  with  rolling  friction  usually  of  lower 
magnitude.  Therefore,  most  machines  are  con- 
structed so  that  rolling  friction  is  present  rather' 
than  sliding  friction.  The  ball  bearing  and  the 
roller  bearing  are  used  to  convert  sliding  friction 
to  rolling  friction.  A  third  type,  the  common  (or 
friction)  bearing,  utilizes  lubricants  applied  to 
surfaces  which  have  been  made  as  smooth  as 
possible.  Many  new  types  of  machines  utilize 
self-lubricating  bearings  to  minimize  friction  and 
thus  increase  efficiency. 

Mechanical  Advantage 

The  concept  of  mechanical  advantage  has 
proved  to  be  one  of  the  great  discoveries  of 
science.  It  permits  an  increase  in  force  or 
distance  and  represents  the  basic  principle 
involved  in  levers,*  block  and  tackle  systems, 
screws,  hydraulic  mechanisms,  and  other  work 
saving  devices.  However,  in  the  true  sense,  these 
devices  clo  not  save  work,  they  merely  enable 
humans  to  accomplish  tasks  which  might  other- 
wise be  beyond  their  capability.  For  example,  a 
human  would  normally  be  considered  incapable 
of  lifting  the  rear  end  of  a  truck  in  order  to 
change  a  tire;  but  with  a  jack,  a  block  and 
tackle,  or  a  lever,  the  job  can  be  made  compara- 
tively easy. 

Mechanical  advantage  is  usually  considered 
with  respect  to  work.  Work  represents  the 
application  of  a  force  through  a  distance  in 
order  to  move  an  object  through  a  distance. 
Thus,  it  may  be  seen  that  there  are  two  forces 
involved,  each  with  an  appropriate  distance;.  This 
is  illustrated  by  the  simple  lever  in  figure  4-5. 

Assuming  perfect  efficiency,  the  work  input 
(FiDi)  is  equal  to  the  work  output  (FjDj). 
Assuming. equal  distances  Di  and     ,  a  force  of 
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.  10  pounds  must  be  applied  at  the  source  in 
order  to  counteract  a  weight  of  10  pounds  at  the 
load.i  By  moving,,  the  fulcrum  nearer  the  load, 
less  force  is  required  to  balance  the  same  load. 
This  is  a  mechanical  advantage  of  forcef  If  the 
force  is  applied  in  such  a  manner  as  to  raise  the 
load  1  foot  the  source  must  be  moved  through  a 
distance  greater  than  1  foot.  Thus,  mechanical 
advantage  of  force  represents  a  mechanical 
disadvantage  of  distance.  By  moving  the  fulcrum 
nearer  the  source,  these  conditions  are  reversed. 
Since  the  input  work  equals  the  output  work 
(a:.suming  no  losses),  the  mechanical  advantage 
may  be  stated  as  a  ratio  of  the  force  or  of  the 
distances.  In  actual  situations,  friction  results  in 
energy  loss  and  decreased  efficiency,  thereby 
requirinf  jn  even  greater  input  to  accomplish 
the  same  work. 


SOURCE 


LOAD 


FULCRUM 
Wl  -  W2 

INPUT       =  OUTPUT 


Figure  4-5.-Mech«nicai  advantage. 
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REVOLVING  BODIES 

Revolving  bodies  represent  masses  in  motion; 
therefore,  they  possess  all  the  characteristics 
(and  obey  all  the  laws)  associated  with  moving 
bodies.  In  addition,  since  they  possess  a  specific 
type  of  motion,  they  have  special  properties  and 
factors  which  must  be  taken  into  consideration. 

Revolving  bodies  travel  in  a  constantly 
changing  direction,  so  they  must  be  constantly 
subjected  to  an  accelerating  force.  Momentum 
tends  to  produce  linear  motion,  but  this  is 
prevented  by  application  of  a  force  which 
restrains  the  object..  This  restraining  force  pre- 
vents the  object  from  continuing  in  a  straight 
line,  and  is  known  as  CENTRIPETAL  force. 
According  to  Newton's  third  law  of  motion,  the 
centripetal  force  must  be  opposed  by  an  equal 
force  which  tends  to  produce  linear  motion. 
This  second  force  is  known  as  CENTRlf^UGAL 
force.  The  two  forces,  their  relationships,  and 
their  effects  are  illustrated  in  figure  4-6  and  the 
following  explanatory  exi»mple. 

The  various  forces  involved  in  revolving 
bodies  may  be  illustrated  by  u^.  of  a  ball  and 
string*  A  slip  knot  is  tied  in  thj  center  of  a 
10-foot  length  of  twine  so  as  to  shorten  the  line 
to  5  feet;  a  rubber  ball  is  attached  to  one  end  of 
the  string.  Holding  the  other  end  of  the  line, 
whirl  the  ball  slowly  in  a  circle.  Note  that  the 
ball  exerts  a  force  against  the  hand  (through  the 


/ 
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Figure  4-6,-Forceson  revolving  bodies. 

string);  and  that  in  order  to  restrain  the  ball  in 
its  circular  path,  the  hand  must  exert  a  force 
(through  the  string)  on  the  ball.  As  the  ball  is  ^ 
revolved  at  higher  spe^jd,  the  forces  increase,  and 
the  ball  continues  in  a  circular  path.  As  the 
rotational  velocity  of  the  ball  is  gradually 
increased,  note  the  increasing  forces. 

At  some  rotational  speed,  the  forces  involved 
become  great  enough  to  overcome  inertial 
friction,  and  the  knot  slips.  At  this  time,  allow 
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the  velocity  of  the  rotation  to  stabilize  (stop 
increasing  in  rotational  velogity,  but  not  slowing 
down  either),  so  that  the  existing  conditions 
may  be  analyzed.  sVher  the  knot  slips,  the  ball  is 
temporarily  unrestrahied  and  is  fi^^e  to  assume 
linear  motion  in  the  direction  of  travel  at  that 
instant  (tangent  to  t^-  circle  at  the  instanta- 
neous position).  The  travels  in  a  straight  line 
until  the  string  reaches  its  "ill  length;  during  this 
time,  no  force  is  exerted  on  or  by  the  hand.  As__ 
soon  as  all  the  slack  is  taken  up,  there  is  a  sharp 
jerk-an  accelerating  force  is  ex^^rted  in  order  to 
change  the  direction  of  motion  from  its  linear 
path  into  a  circular  rotation  The  ball  again 
assumes  rotational  motion,  but  with  an  increase 
in  radius. 

The  ball  does  not  make  as  many  revolutions 
in  the  same  time  (rotational  velocity  is 
decreased),  but  it  does  maintain  its  former  linear  ' 
velocity.  (The  kinetic  energy  and  the  momen- 
tum of  the  ball  have  not  changed.)  Since  the 
change  in  direction  is  less  abrupt  with  a  large 
radius  than  ^ith  a  small  one,  less  accelerating 
Jorce  is  required,  and  the  hand  will  feel  less 
force.  If  the  ball  is  then  accelerated  to  the  same 
rotational  v^city  as  immediately  prior  to  the 
slipping  of  the  knot,  the  linear  velocity  of  the 
ball  becomes  mucR  greater  than  ^before;  the 
centripetal  and  centrifugal  forces  are  also 
greater. 

In  this  example,  it  has  been  assumed  that  the 
hand  is  fixed  at  a  point  which  represents  the- 
center'of  rotation.,  This  assumpflon,  while  some- 
what erroneous,  does  not  affect  the  general 
conclusions!  For  practical  purposes,  the  two 
forces  are  equal  at  all  points  along  the  string  at 
any  given  time,  and  the  magnitude  of  each  force 
is  equal  at  all  points  along  the  string. 

In  summarizing  the  conclusions  reached  by 
the  above  example  and  explanation,  consider  the 
following  relationship:, 

^         weight  X  velocity'  * 
^^^^^^  radius 

where  velocity  represents  the  linear  velocity  of 
the  ball.  This  emphasizes  thai  the  centripetal 
and  the  centrifugal  forces  are  equal  in  magnitude 
and  opposite  in  direction.  Each  force  is  directly 
proportional  to  the  weight  of  the  body  and 


inversely  proportional  to  thelradius  of  rotation. 
Each  force  is  also  proportional  to  the  square  of 
the  velocity. 

In  revolving  or  rotating  bodies,  all  particles  of 
the  matter  which  are  not  on  the  axis  of  rotation^ 
are  subjected  to  the  forces  ju^t  described.  The 
statement  is  true  whether  the  rhotion  is  through 
a  complete  circle,  or  merely  around  a  curve:  An 
aircraft  tends  to  skid  when  chang'^g  course;  an 
automobile  tends  to  take  curves-i  t  two^wheels^^ 
The  sharper  the  curve  (smaller  radiu^)  or  the 
higher  the  velocity,  the  greater  the  tenjdency  to 
skid. 

HEAT 

Heat  repre^anis  a  form  of  energy:  therefore,  k 
must  be  readily  c\  hangeable  with  or  con- 
vertible into  other  oms  of  energy,:  The  con- 
version of  mechanical  energy  into  heat  through 
friction  has  been  mentioned  previously.  When  a 
piece  of  lead  is  struck  a  sharp  blow  with  a 
hammer,  part  of  the  kinetic  energy  of^  the 
hammer  is  converted  into  heat.;  In  the  core  of  a 
transformer,  electrical  and  magnetic  energy  are 
exchanged;  but  due  to  hysteresis  and  eddy 
currents,  some  of  the  energy  is  lost  as  heat. 
These  are  some  examples  of  unwanted  con- 
versions, but  there  are  many  instances  when  the 
production  of  heat  is  desirable.  Many  d,evices  are 
used  almost  exclusively  to  produce  heat.: 

Regardless  of  how  or  why  it  is  produced,  heat 
possesses  certain  characteristics  v/hich  make  it 
important  to  the  ASE,  A  knowledge  of  the 
nature  and  behavior  of  heat  may  prove  helpful 
in  understanding  the  operation  of  some  types  of 
electrical  equipment  or  in  determining  the  cause 
of  nonoperation  or  faulty  operation  of  others, 

NATURE  OF  HEAT 

There  are  several  theories  regarding  the  nature 
of  heat,  none  of  which  satisfactorily  explain  all 
the  characteristics  and  properties  exhibited  by 
heat.  The  two  theones  most  commonly  included 
in  discussions  regarding  the  nature  of  heat  are 
the  kinetic  ^theory  and  th^  radiant  cncigy 
theory,. 

In  the  kinetic  theory,  it  is  assumed  that  the 
quantity  *0f  heat  contained  by  a  body  is  repre- 
sented by  t  'e,  total  kinetic  energy  po.ssessed  by 
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the  molecules  of  the  body. 

The^radiation  theory  treats  radio  waves,  heal, 
and'  light  as  the  same  general  form  of  energy, 
differing  primarily  in  frequency.  Heat  is  con- 
sidered as  a  form  of  electromagnetic  energy 
involving  a  specific  band  of  frequencies  falling 
between  radio  frequencies  and  light  frequencies. 

A  common  method  used  to  produce  heat 
energy  is  the  burning  process.  Burning  is  a 
chemical  process  in  which  the  fuel  unites  with 
oxygen,  and  a  flame  is  usually  produced..  The 
amount  of  heat  liberated  per  unit  mass  or  per 
unit  volume  during  complete  burning  is  known 
as  the  heat  of  combustion  of  a  substance.,  By 
experiment,  scientists  have  found  that  each  fuel 
produces  a  given  amount  of  heat  per  unit 
quantity  burned. 

TRANSFER  OF  HEAT 

\ 

There  are  three  methods  of  heat  transfer- 
conduction,  convection,  and  radiation.  In 
addition  to  these,  a  phenomenon  called  absorp- 
tion is  related  to  the  radiation  method. 


Conduction 

The  metal  handle  of  a  hot  pot  may  burn  the 
hand;  a  plastic  or  wooden  handle,  however, 
remains  relatively  cool  even  though  it  is  in  direct 
contact  with  the  pot.  This  phenomenon  is  dne 
to  a  property  of  matter  known  as  thermal 
conductivity.  All  materials  conduct  heat-some 
very  readily,  some  to  an  almost  negligible 
extent.  When  heat  is  applied  to  a  body,  the 
molecules  at  the  point  of  application  become 
violently  agitated,  strike  the  molecules  next  to 
them,  and  cause  increased  agitation.;  The  process 
continues  until  the  heat  energy  is  distributed 
throughout  the  material.  Aluminum  and  copper 
are  used  for  cooking  pots  because  they  conduct 
heat  very  readi/y  to  the  food  being  cooked. 
Wood  and  plastic  are  used  as  handles  because 
they  are  very  poor  conductors  of  heat.  As  a* 
general  rule,  metals  are  the  best  conductors  of 
heat,  although  some  metals  are  considerably 
better  than  others. 

Among  solids,  there  is  an  extremely  wide 
range  of  thermal  conductivity.  In  the  original 
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Figure  4-7.-Water  jya  poor  conductor  of  boat 

example,  the  metal/handle  transmits  heat  from 
the  pot  to  the  hAnd,  with  the  possibility  of 
b.  ns.  The  wooden  or  plastic  handle  does  not 
c  Vk.uct  heat  very  well,  so  the  hand  is  given 
some  protection./  Materials  that  are  extremely 
poor  conductors/are  called  ''insulators''  and  are 
used  to  reduce  heat  transfer.  Some  examples  are 
the  wood  handle  of  soldering  irons,  the  finely 
spun  glass  or  r6ck  wool  insulation  in  houses,  and 
the  asbestos /tape  or  ribbon  wrapping  used  on 
steam  pipes./ 

'  iquids  are  generally  poorer  conductors  than 
m  ^.^Is.  In /figure  4-7,  note  :hat  the  ice  in  the 
bottom  or  the  test  tube  has  not  yet  melted, 
although  tjie  water  at  the  top  is  boiling.  Water  is 
such  a  poor  conductoi  that  the  rate  of  heating 
the  water  at  the  top  of  the  tube  is  not  sufficient 
to  cause  rapid  melting  of  the  ice  at  the  bottom. 

Since  thermal  conduction  is  a  process  by 
which  molecular  energy  is  transferred  by  actual 
contact,  gases  are  generally  even  poorer  con- 
ductors than  liquids  because  the  molecules  are 
farther  apart  and  molecular  contact  is  not  so  * 
pronounced.  A  double-pane  window  with  an 
airspace  i^etween  the  panes  is  a  fair  insulator. 
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Convection 

Convection  is  the  process  in  which  heat  is 
transferred  by  movement  of  a  hot  Huid.:  For 
example,  an  electron  tube  becomes  hotter  and 
hotter  until  the  air  surrounding  it  begins  to 
move.  The  motion  of  the  air  is  upward  because 
heated  air  exoands  in  volume  and  is  forced 
upward  by  the  denst^  cool  air  surrounding  it. 
The  upward  motion  of  the  heated  air  carries  the 
heat  away  from  the  hot  tube  by  convection. 
Transfer  of  heat  by  convection  may  be  hastened 
by  using  a  ventilating  fan  to  move  the  air 
surrounding  a  hot  object.:  The  rate  of  cooling  of 
a  hot  vacuum  tube  can  also  be  incre  ;td  by 
providing  copper  fins  to  conduct  heat  away 
from  the  hot  tube.:  The  fins  provide  large 
surfaces  against  which  cool  air  can  be  blown. 

A  convection  process  may  take  place  in  a 
liquid  as  well  as  in  a  gas.  One  example  is  a 
transformer  in  an  oil  bath.  The  hoi  oil  is  less 
dense  (has  less  weight  per  unit  volume)  and  rises, 
while  the  cool  oil  falls,  is  heated,  and  rises  in 
turn. 

When  the  circulation  of  a  gas  or*  liquid  is  not 
rapid  enough  to  remove  sufficient  heat,  fans  or 
pumps  I  lay  be  used  to  accelerate  the  motion  of 
the  cooling  material.  In  ^ome  cooling  systems* 
pumps  are  used  to  circulate  water  or  oil  to  help 
cool  large  equipment..  Fans  and  blowers  are 
sometimes  used  to  aid  convection.. 

Radiation 

Conduction  and  convection  cannot  wholly 
account  for  some  of  the  phenomena  that  are 
associated  \yith  heat  transfer.  For  example, 
heating  through  convection  cannot  occur  in 
front  of  an  open  fire  because  the  aip  currents  are 
moving  toward  the  fire..  It  cannot  occur  through 
conduction  because  the  conductivity  of  air  is 
very  low,  and  the  cooler  currents  of  air  moving 
toward  the  fire  would  more  than  overcome  the 
transfer  of  heat  outwardly.  Tln?refore,  heat  must 
travel  across  space  by  some  means  other  than 
conduction  and  convection. 

The  existence  of  another  process  of  heat 
transfer  is  still  more  evident  when  the  heat  from 
the  sun  is  considered.  Since  conduction  and 
convection  take  place  only  tlirougl^  molecular 

ERIC  i 


contact  within  some  medium,  heat  from  the  sun 
must  reach  the  earth  by  some  other  method. 
(Outer  space  is  an  almost  perfect  vacuum,) 
RadiatioiT  is  the  name  given  to  this  third  method 
by  which  heat  travels  from  one  place  to  another. 

The  term  radiation  refers  to  the  continual 
emission  of  energy  from  the  surface  of  all 
bodies.  This  energy  is  known  as  radiant  energy. 
It  is  in  the  form  of  electromagnetic  waves  ana  is 
identical  in  nature  with  light  waves,  radio  waves, 
and  X-rays,  except  for  a  difference  in  frequency. 
Sunlight  is  a  form  of  radiant  heat  energy  which 
travels  great  distances  through  cold,  empty  space 
to  reach  the  earth.  These  electromagnetic  heat 
waves  are  absorbed  when  they  come  in  contact 
with  nontransparent  bodies.  The  net  result  is 
that  the  motion  of  the  molecules  in  the  body  is 
increased,  as  indicated  by  an  increase  in  the 
temperature  of  the  body. 

The  differences  in  conduction,  convection, 
and  radiation  can  be  compared  thusly; 

1.  Although  conduction  and  convection  are 
extremely  slow,  radiation  takes  place  with  the 
speed  of  light.  Tliis  fact  is  evident  at  the  time  of 
an  eclipse  of  the  sun  when  the  shutting  off  of 
the  heat  from  the  sun  takes  place  at  the  same 
time  as  the  shutting  off  of  the  light. 

2.  Pidiant  heat  may  pass  through  a  medium 
without  heating  it.  For  example,  the  plants 
inside  a  greenhouse  may  be  much  warmer  thai 
the  glass  through  which  the  sun  s  rays  pass. 

3.  Although  conducted  or  convected  heat 
may  travel  in*  roundabout  routes,  radiant  heat 
always  travels  in  a  straight  line..  Thus,  radiant 
heat  can  be  stopped  with  a  screen  placed 
between  the  source  of  heat  and  the  body  to  be 
protected. 

Absorption 

The  sun,  a  fire,  and  an  electiic  light  all  radiate 
energy,  but  a  body  need  not  glow  to  give  off 
heat.  A  kettle  of  hot  water  or  a  hot  soldering 
iron  radiates  heat.  If  the  surface  is  polished  or 
light  in  color,  less  heat  is  radiated.  Bodies  which 
do  not  reflect  are  good  radiators  and  good 
absorbers,  and  bodies  that  reflect  are  poor 
absorbers.  This  is  the  reason  white  clothing  is 
worn  in  the  summer.  A  practical  example  of  the 
control  of  heat  is  the  Thermos  bottle..  The  flask 
itself  is  made  of  two  walls  of  "silvered"  glass 
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with  a  vacuum  between  them.  The  vacuum 
prevp  the  loss  of  heat  by  conduction  and 
con  lOn,  and  the  ''silver"  coating  reduces  the 
loss  of  heat  by  radiation. 

The  silver-colored  paint  on  the  '^radiators''  in 
room  heating  systems  is  used  only  for  decora- 
tion and  decreases  the  efficiency  of  heat  trans- 
fer. The  most  effective  color  for  heat  transfer  is 
dull  black;  dull  black  is  the  ideal  absorber  and 
•also  the  best  radiator^ 

iMEASUREMENT  OF  HEAT 

A  unit  of  heat  must  be  defined  as  the  heat 
necessary  to  produce  some  agreed  on  standard 
of  change.  There  are  three  such  units  in  common 
use: 

1. :  One  British  thermal  unit  (Btu)  is  the 
quantity  of  heat  necessary  to  raise  the  tempera- 
ture of  1  pound  of  water  1^  F. 

2.  One  gram-calorie  (small  calorie)  is  the 
quantity  of  heat  necessary  to  raise  1  gram  of 
water  I""  C. 

3.  One  kilogram-calorie  (large  calorie)  is  the 
quantity  of  heat  necessary  to  raise  I  kilogram  of 
water  I"*  C,  (One  kilogram-calorie  equals  KOOO 
gram-calories.)  The  gram-calorie  or  small  calorie 
is  much  more  widely  used  than  the  kilogram- 
calorie  or  large  calorie.  The  large  calorie  is  used 
in  relation  to  food  energy  and  for  measuring 
comparatively  large  amounts  of  heat..  Through- 
out  this  discussion,  unless  otherwise  stated,  the 
term  calorie  means  gram-calorie.  For  purposes  of 
conversion,  on^  Btu  equals  252  gram-calories  or 
0.252  kilogram-calorie. 

The  terms  quantity  of  heat  and  tempe.  ,ure 
are  commonly  misused.  The  distinction  between 
them  should  be  understood  clearly.  For 
example,  suppose  that  two  identical  pans,  con- 
taining different  amounts  of  water  of  the  same 
temperature,  are  placed  over  identical  gas  burner 
flames  for  the  same  length  of  time..  At  Ihe  end 
of  that  time,  the  smaller  amount  of  water  will 
have  reached  a  higher  temperature..  Equal 
amounts  of  heat  have  been  supplied,  but  the 
increase  in  temperature  is  not  equal.  As  another 
example,  suppose  that  the  water  in  both  pans  is 
at  the  same  temperature,  say  80""  F.^  and  both 
are  to  be  heated  to  the  boiling  pomt.  It  is 
obvious  that  more  heat  must  be  supplied  to  the 


larger  amount  of  water.  The  temperature  rise  is 
the  same  for  both  pans,  bui/the  quantities  of 
heat  necessary  aie  different,  / 

Mechanical  Equivalent 

Mechanical  energy  is/usually  expressed  in  ergs, 
joules,  or  foot-pounds.  Energy  in  the  form  of 
heat  is  expressed  in  calories  or  in  Btu's,  In  a 
precise  experiment  in  which  electric  energy  is 
converted  into  heat  in  a  resistance  wire  im- 
mersed in  water,  the  results  show  that  4.I8(> 
joules  equals  /I  gram-calorie,  and  that  778 
foot-pounds  ^^uals  I  Btu.  The  following  equa- 
tion is  used  When  converting  from  the  English 
system  to  the  metric  system: 

'!      I  Btu  =  252  calories^__.. — 

Specific  Heal^--''^  ^  

One  important  way  in  which  substances  differ 
from  one  anothei  is  that  they  require  different 
quantities  of  heat  to  produce  the  same  tempera- 
ture change  in  a  given  mass  of  substance.  The 
thermal  capacity  of  a  substance  is  the  calories  of 
heat  needed,  per  gram  mass,  to  increase  the 
temperature  I""  C,  The  specific  heat  of  a  sub- 
stance is  the  ratio  of  its  thermal  capacity  to 
the  thermal  capacity  of  water  at  15""  C.^  Specific 
heat  is  expressed  as  a  number  which,  because  it 
is  a  ratio,  has  no  units  and  applies  to  both  l.he 
English  and^the  n:etric  systems. 

Water  has  a  high  thermal  capacity.  Large 
bodies  of  water  on  the, earth  keep  the  air  and  the 
surface  of  the  earth  at  a  fairly  constant  tempera- 
ture. A  great  quantity  of  heat  is  required  to 
change  the  temperature  of  a  large  lake  or  river. 
Therefore,  when  the  temperature  of  the  air  falls 
below  that  of  such  bodies  of  water,  they  give  off 
large  quantities  of  heat  to  the  air.  This  process 
keeps  the  atmospheric  temperature  at  the  sur- 
face of  the  earth  from  changing  very  rapidly, 

TEMPERATURE 

If  an  object  is  hot  to  the  touch,  it  is  said  to 
have  a  ''high"  temperature;  if  it  is  cold  to  the 
touch,  it  has  a  'Mow"  temperature.  In  other 
words,  temperature  is  used  as  a  measure  of  the 
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Figure  4-8.- Fahrenheit  and  Celsius  thermometers. 

hotness  or  coldness  of  an  object  being  described. 
However,  hotness  and  coldness  are  only  relative. 
For  example,  on  a  cold  day,  metals  seem  colder 
to  the  touch  than  nonmetals  because  they 
conduct  heat  away  from  the  body  more  rapidly. 
Also,  upon  leaving  a  warm  room  the  outside  air 
seems  cooler  than  it  really  is.  Going  from  the 
outside  into  a  warm  room,  the  room  seems 
warmer  than  it  really  ir.  In  other  words,  the 


temperature  a  person  feels  depends  upon  the 
state  of  his  body. 
Temperature  Conversion 

There  are  many  systems  of  temperature 
measurement,  and  it  is  frequently  necessary  to 
convert  from  one  scale  to  the  other  The  four 
most  common  scales  in  use  today  are  the 
Fahrenheit  (F),  Celsius  (C),  Rankine  (R),  and 
"Kelvin  (K).  The  ASE  is  primarily  concerned  with 
the  Fahrenheit  and  Celsius  systems  of  tempera- 
ture measurement.  The  following  information 
covers  these  two  systems. 

FAHRENHEIT  SCALE. -The  most  familiar 
scale  to  most  Americans  is  the  Fahrenheit  scale 
which  was  established  so  that  its  zero  point 
approximates  the  temperature  produced  by  mix- 
ing equal  quantities  by  weight  of  snow  and 
common  salt. 

Under  standard  atmospheric  pressure  the  boil- 
ing point  of  water  is  212  degrees  above  zero  and 
the  freezing  point  32  degrees  above  zero.  Each 
degree  represents  an  equal  division,  and  there  are 
180  such  divisions  between  freezing  and  boiling. 

CELSIUS  SCALE.-This  scale  uses  the  freez- 
ing point  and  boiling  point  of  water  under 
standard  atmospheric  pressure  as  fixed  points  of 
0  and  100,  respectively,  with  100  equal  divisions 
between.  These  100  divisions  represent  the  same 
difference  in  temperature  as  180  divisions  of  the 
Fahrenheit  scale.  This  ratio  of  1 00/180  reduces 
to  5/9,  which  means  a  change  of  T  F  is  equal  to 
a  change  of  5/9**  A  change  of  S""  on  the 
Celsius  scale,  therefore,  is  equal  to  a  change  of 
9**  on  the  Fahrenheit  scale..  Because  0^  on  the 
Celsius  scale  corresi  onds  to  2^T  on  the  Fahren- 
heit scale,  a  difference  in  reference  points  exists 
between  the  two  scales.  (See  fig.  4-8.) 

To  convert  from  the  Fahrenheit  scale  to  the 
Celsius  scale,  subtract  the  32"*  difference  and 
multiply  the  result  by  5/9..  As  an  example, 
convert  68**  Fahrenheit  to  Celsius- 


^(68  -  32)=!  (36)  =  20^C 


To  convert  Celsius  to  Fahrenheit,  the  reverse 
procedure  is  necessary.  FirU  multiply  the  read- 
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ing  on  the  Celsius  thermometer  by  9/5  and  then 
add  32  to  the  result 


4  (20)  +  32  =  36 +  32  =  68 "^F 

One  way  to  remember  when  to  use  9/5  and 
when  to  use  5/9  is  to  keep  in  mind  that  the 
Fahrenheit  scale  has  smaller  divisions  than  the 
Celsius  scale.  In  going  from  Celsius  to  Fahren- 
heit, multiply  by  the  ration  that  is  larger;  in 
going  from  Fahrenheit  to  Celsius,  use  the  smaller 
ratio. 

Another  method  of  temperature  conversion 
which  uses  these  same  ratios" is  based  on  the  fact 
that  the  Fahrenheit  and  Celsius  scales  both 
register  the  same  temperature  at  -40®;  that  is, 
-40"*  F  equals  ^O""  C.  This  method  of  conver- 
sion, sometimes  called  the  "40  rule,"  proceeds 
as  follows: 

1. :  Add  40  to  the  temperature  which  ^  to  be 
converted.  Do  this  whether  the  given  tempera- 
ture is  Fahrenheit  or  Celsius. 

2.  Multiply  by  9/5  when  changing  Celsius  to 
Fahrenheit;  by  5/9  when  changing  Fahrenheit  to 
Celsius, 

3.  Subtract  40  from  the  result  of  step  2. 
This  is  the  answer.. 

As  an  example  to  show  how  the  40  rule  is 
used,  convert  100"*  C  to  the  equivalent  Fahren- 
heit temperature: 

100  +  40=  140 

140  x9/5  =  252 

252  -  40=  212 

Therefore,  lOO""  C  =  21  2**  F.  Remember  that  the 
multiplying  ratio  for  converting  F  to  C  is  5/9, 
rather  than  9/5.  Also  remember  to  always  ADD 
40  first,  then  multiply,  then  SUBTRACT  40, 
regardless  of  the  direction  of  the  conversion. 

It  is  important  that  all  technicians  be  able  to 
read  thermometers  and  to  convert  from  one 
scale  to  the  other.  In  some  types  of  equipment, 
thermometers  are  provided  as  a  check  on  opr I'at- 
ing  temperatures.  Thermometers  are  also  used  to 
check  the  temperature  of  a  charging  battery.. 


Thermometers 

The  measurement  of  temperature  is  known  ^s 
THERMOMETRY.  Many  modern  thermometers 
use  liquids  in  sealed  containers.  Water  was  the 
first  liquid  used,  but  because  it  freezes  at  0**  C,  it 
could  not  m.ea>sure  temperatures  below  that 
point.  After  much  experimentation,  scientists 
decided  that  the  best  liquids  to  use  in  the 
construction  of  thermometers  are  alcohol  and 
mercury  because  of  the  low  freezing  points  of 
these  liquids. 

LIQUID  THERMOMETERS.~The  construc- 
tion of  the  common  laboratory  thermometer 
gives  some  idea  as  to  the  meaning  of  a  change  of 
r  in  temperature.  A  bulb  is  blown  at  one  end  of 
a  piece  of  glass  tubing  of  small  bore.  The  tube 
and  bulb  are  then  filled  with  the  liquid  to  be 
used..  The  temperature  of  both  the  liquid  and 
the  tube  during  this  process  are  kept  at  a  point 
higher  than  the  thermometer  will  reach  in 
normal  usage.  The  glass  tube  is  then  sealed  and 
the  thermometer  is  allowed  to  cool.  During  the 
cooling  process,  the  liquid  falls  away  from  the 
top  of  the  tube  and  creates  a  vacuum  within  the 
thermometer. 

For  marking,  the  thermometer  is  placed  in 
melting  ice.;  The  height  of  the  liquid  column  is 
marked  as  the  O""  C  point.  Next,  the  thermom- 
eter is  placed  in  steam  at  a  pressure  of  76 
centimeters  of  mercury,  and' a  mark  is  made  at 
that  point  to  wHich  the  liquid  inside  rises;  that  is 
the  boiling  point  (the  100®  C  mark).  The  space 
between  these  two  marks  is  then  divided  into 
100  equal  parts.  These  spacings  are  known  as 
DEGREES.  It  is  this  type  of  thermometer  that  is 
used  almost  exclusively  in  laboratory  work  and 
in  testing  much  Navy  equipment.  It  is  the 
CELSIUS  thermometer  mentioned  earlier. 

Since  the  range  of  all  liquid  thermometers  is 
extremely  limited,  other  methods  of  thermom- 
etry are  necessary.:  Most  liquids  freeze  at 
temperatures  between  0*  and  -200*  Celsius.  At 
the  upper  end  of  the  tenjperature  range  where 
high  heat  levels  are  enci)untered,  the  use  of 
liquid  thermometers  is  limited  by  the  high  vapor 
pressures  of  those  liquids,  \mong  the  most 
widely  used  types  of  thermo  meters  other  than 
the  standard  liquid  thermometers  are  the  resis- 
tance thermometer  and  the  thermocouple. 
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Figure  4-9. 

RESISTANCE  THERMOMETERS.-This 
type  of  solid  thermometer  makes  use  of  the  fact 
that  the  ele^ctrical  resistance  of  metals  changes  as 
the  temperature  changes.  The  thermometer  is 
usually  constructed  of  platinum  wire  wound  on 
a  mica  form  and  enclosed  in  a  thin-walled  silver 
tube..  It  is  extremely  accurate  from  the  lowest 
temperature  to  th/melting  point  of  the  unit. 

THERMOCOUPLE.  ^The  thermocouple 
shown  in  fi^e  4-9  is  essentially  an  electric 
circuit.  Its ydperation  is  based  on  the  principle 
that  when^two  unlike  metals  are  joined  and  the 
junction  is  at  a  different  temperature  from  the 
remainder  of  the  circuit,  an  electromotive  force 
is  produced.  This  electromotive  force  can  be 
measured  with  great  accuracy  by  a  galvanom- 
eter. Thermocouples  can  be  located  wherever 
the  measurement  of  temperature  is  important, 
with  wires  running  to  a  galvanometer  located  at 
any  convenient  point.  By  means  of  a  rotary 
selector  switch,  one  galvanometer  can  read  the 
temperatures  of  thermocouples  at  any  of  a 
nun)ber  of  widely  separated  points. 

Thermal  Expansion 

Nearly  all  substances  expand  or  increase  in 
size  when  their  temperature  increases.  Railroad 
tracks  are  laid  with  small  gaps  between  the 
sections  to  prevent  buckling  when  the  tempera- 
ture increases  in  summer.  Concrete  pavement 
has  sli.,)s  of  soft  material  inserted  at  intervals  to 
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-Thermocouple. 

prevent  buckling  when  the  sun  heats  the  road- 
way. A  steel  building  or  bridge  is  put  together 
with  red-hot  rivets  so  that  when  the  rivets  cool 
they  will  shrink  and  the  separate  pieces  will  be 
pulled  together  very  tightly. 

As  a  substance  is  expanded  by  heat,  the 
weight  per  unit  volume  decreases.  This  is 
because  the  weight  of  the  substance  remains  the 
same  while  the  volume,  is  increased  by  the 
application  of  heat.:  Thus  the  density  decreases 
with  an  increase  in  temperature. 

Experiments  show  that  for  a  given  change  in 
t*^mperdture,  the  change  in  length  or  volume  is 
different  for  each  substance.  For  example,  a 
given  change  in  temperature  causes  a  piece  of 
copper  to  expand  nearly  twice  as  much  as  a 
piece  of  glass  of  the  same  size  and  shape.  For 
this  reason,  the  connecting  wires  into  an  elec- 
tronic tube  cannot  be  made  of  copper  but  must 
be  made  of  a  metal  that  expands  at  the  same 
rate  as  glass.  If  the  metal  expanded  at  a  slower 
rate  than  the  glass,  the  vacuum  in  the  tube 
would  be  brokexi  by  air  leaking  past  the  wires  in 
the  glass  stem.  The  metal  usually  used  for  this 
,  purpose  is  an  alloy  called  **Kovar.'* 

The  amount  that  a  unit  length  of  any  sub- 
stance expands  for  a  I''  rise  in  temperature  is 
known  as  the  coefficient  of  linear  expansion  for 
that  substance.  The  temperature  scale  used  must 
be  specified. 

COEFFICIENTS  OF  EXPANSIOI^  To  esti- 
mate the  expansion  of  any  object,  such  as  a  steel 
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rail,  it  is  necessary  to  know  three  things  about 
it-its  length,  the  rise  in  tfemperature  to  which  it 
is  subjected,  and  its  rate  or  coefficient  of 
expansion.  The  amount  of  expansion  is 
expressed  by  equation:. 

expansion  =  coefficient  x  length 

X  rise  rn  temperature 

or 

e=kl(t2  -  t,) 

In  this  equation,  the  letter  k  represents  the 
coefficient  of  expansion  for  the  particular  sub- 
stance. In  some  instances,  the  Greek  letter  a 
(alpha)  is  used  to  indicate  the  coefficient  of 
linear  expansion. 

PROBLEM:  If  a  steel  rod  measures  exactly  9- 
feet  at  2r  C,  what  is  its  length  at  55^  C?  (The 
coefficient  of  linear  expansion  for  steel  is  10  x 
10  If  the  equation  e  =  kl  (t.  -  t,)  is  used, 
then 

e  =  (10x  I0*'^)x9x(55-21) 
e  =  0.0000I0x9x34 
e  =  0.00306 

Tliis  amount,  when  added  to  the  original  length 
of  the  rod,  makes  the  rod  9.00306  feet  long. 
(Since  the- temperature  has  increased,  the  rod  is 
longer  by  the  amount  of  e..  If  the  temperature 
had  been  lowered,  the  rod  would  have  become 
shorter  by  a  corresponding  amount.) 

The  increase  in  the  length  of  the  rod  is 
relatively  small:  but  if  the  rod  were  placed  where 
it  could  not  expand  freely,  there  would  be  a 
tremendous  fdrce  exerted  due  to  thermal  expan- 
sion. Thus,  thi^tmal  expansion  must  be  taken 
into  consideratidn  when  designing  ships,  build- 
ings, and  all  forms  of  machinery. 

Since  the  coefficient  of  linear  expansion  is 
defined  as  a  change  in  unit  length,  its  value  does 
not  depend  upon  any  particular  length  unit.  Its 
value,  however,  does  depencl^upon  the  size  of 
the  degree  used  to  jneasuic  the  temperature 
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Figure  4-10.-Compound  bar. 


COMrOUND 
BAR 


ELEaMCAL 
CONTACTS 


TEMPERATURE 
CONTROL 


AT.35 


Figure  4-11. -Thermostat. 


change..  Table  4-3  gives  the  value  of  the  coef- 
ficient of  linear  expansion  of  some  substances 
per  Celsius  degree.  The  coefficient  of  expansion 
per  Fahrenheit  degree  will  be  just  S/9  as  much. 

A  practical  application  for  the  difference  in 
the  coefficients  of  linear  expansion  is  the. 
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Table  4*3. -Expansion  coefficients  (per 
Celsius  degree) 


Substance 

Coefficient  of 
linear  expansion 

Aluminum  .   .  .  ....... 

Brass    .: ...  .  .  . 

Copper  .    .    .  .    .     .  .  .  . 

Glass   .  . 

Kovar   ■:  . 

Steel     .  .  .      .  .  .  .  y 

24  X  10'^ 
20  X  10'^ 
14  X  10'^ 
4  to9x  10'^ 
4  to9x  10'6 

10  X  10'^ 

Quartz  .  .........     i      0.4  x  10"^ 

Zinc   ...  ..y  .  .  .  26x10-^ 


thermostat.  This  instrument  comprises  two 
strips  of  dissimilar  metal  fastened  (welded) 
together.  When  the  temperature  changes,  a 
bending  takes  place  due  to  the,  unequal  expan- 
sion  of  the  metals  (fig.  4-10).  Thermostats  are 
used  in  overload  relays  for  motors,  in 
temperature-sensitive  switches,  and  in  electric 
ovens.  (See  fig.  4-11.) 

The  coefficient  of  surface  or  area  expansion  is 
approximately  twice  the  coefficient  of  linear 
expar^-on.  The  coefficient  of  volume  expansion 
is  approximately  three  times  the  coefficient  of 
linear  expansion.  It  is  interesting  to  note  that  in 
a  plate  containing  a  hole,  the  area  of  the  hole 
expands  at  the  same  rate  as  the  surrounding 
material. "liKthe  case  of  a  volume  enclosed  by  a 
thin  solid  wall,  the  volume  expands  at  the  same 
rate  as  would  a  solid  body  of  the  material  of 
which  the  walls  are  made. 


CHANGE  OF  STATE 

A  thermometer  placed  in  melting  "snow 
behaves  in  a  strange  manner.  The  temperature  of 
the  snow  rises  slowly  until  it  reaches  0°  C. 
Provided  that  the  mixture  is  stirred  constantly, 
it  remains  at  that  point  until  all  the  snow  has 
changed  to  water;  when  all  the  snow  has  melted, 
the  temperature  again  begins  to  rise.  A  definite 
amount  of  heat  is  required  to  change  the  snow 
to  water  at  the  same  temperature.  This  heat  is 
required  to  change  the  water  from  crystal  form 
to  liquid  form.. 


Heat  of  Fusion 

Eighty  gram-calories  of  heat  are  required  to 
change  1  gram  of  ice  at  0°  C  to  water  at  0°  C.  In 
English  units,  the  heat  required  to  change  1 
pound  of  ice  at  32°  F  tp  water  at  32°  F  is  144 
Btu.  These  values  (80  gram-calories  and  144 
Btu)  are  called  the  HEAT  OF  FUSION  of  water. 
The  heat  absorbed  by  the  melting  ice  represents 
the  work  done  to  produce  the  change  of  state. 
Since  80  calories  are  required  to  change  a  gram 
of  ice  to  water  at  0°  C,  when  a  gram  of  water  is 
frozen  it  gives  up  80  calories. 

Many  substances  behave  very  much  like 
water.  At  a  given  pressure,  they  have  a  definite 
heat  of  fusion  and  an  exact  melting  point.  There 
are  many  materials,  howe^'er,  which  do  not 
change  from  a  liquid  to  a  solid  state  at  one 
temperature.  Molasses,  for  example,  becomes 
thicker  and  thicker  as  the  temperature  decreases; 
but  there  is  no  exact  temperature  at  which  the 
change  of  state  occurs.  Wax,  celluloid,  and  glass 
are  other  substances  which  do  not  change  from  a 
liquid  to  a  solid  state  at  any  particular  tempera- 
ture. In  fact,  nieasurements  of  the  glass  thick- 
ness at  the  bottom  of  windows  in  ancient 
cathedrals  tend  to  indicate  that  the  glass  is  still 
flowing  at  an  extremely  slow  rate.  Most  types  of 
solder  used  in  electrical  maintenance  also  tend 
to  become  mushy  before  melting. 

Heat  of  Vaporization 

Damp  clothing  dries  more  rapidly  under  a  hot 
flatir^  .  than  under  a  cold  one.  A  pool  of  water 
evaporates  more  lapidly  in  the  sun  than  in  the 
shade.  Thus,  it  may  be  concluded  that  heat  has 
something  to  do  with  evaporation.  The  process 
of  changing  a  liquid  to  a  vapor  is  similar  to  that 
which  occurs  when  a  solid  melts- 

If  a  given  quantity  of  water  is  heated  until  it 
evaporates-that  is,  changes  to  a  gas  (vapor)-a 
much  greater  amount  of  heat  is  used  than  that 
which  is  necessary  to  raise  the  same  amount  of 
water  to  the  boiling  point.  It  takes  5,000 
calories  to  heat  50  grams  of  water  from  0^  C  to 
its  boiling  point  at  100°  C.  It  takes  over  five 
times  as  much  heat  (27,000  calories)  to  vaporize 
the  same  amount  of  water  to  steam.  The  amount 
of  heat  required  to  change  1  gram  of  Abater  to 
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vapor  (540  calories)  with  no  change  in  the 
temperature  of  the  water  is  called  the  HEAT  OF 
VAPORIZATION  of  water. 

BOILING. -When  water  is  heated,  some  vapor 
forms  before  the  boiling  point  is  reached.^  The 
change  from  water  to  vapor  occurs  as  follows: 
As  the  water  molecules  take  up  more  and  more 
energy  from  th^  heating  source,  their  kinetic 
energy  increases.  The  motion  resulting  from  the 
high  kinetic  energy  of  the  water  molecules 
causes  a  pressure  which  is  called  the  vapor  pres- 
sure. As  the  velocity  of  the  molecules  increases, 
the  vapor  pressure  increases.  At  sea  level,  the  at- 
mospheric pressure  is  normally  29.92  inches  of 
mercury.  The  boiling  point  of  a  liquid  is  that 
temperature  at  which  the  vapor  pressure  equals 
the  external  or  atmospheric  pressure. 

While  the  water  is  below  the  boiling  point,  a 
number  of  molecules  acquire  enough  kinetic 
energy  to  break  away  from  the  liquid  state  into 
a  vapor.  For  this  reason  some  evaporation  slowly 
takes  place  below  the  boiling  point.  At  the 
boiling  point  or  above,  large  numbers  of  mole- 
cules have  enough  energy  to  change  from  liquid 
to  vapor,  and  evaporation  takes  place  much 
more  rapidly. 

If  the  molecules  of  water  are  changing  to 
water  vapor  in  an  open  space,  the  air  currents 
carry  them  away  quickly.  In  a  closed  container, 
however,  they  rapidly  become  crowded  and 
some  of  them  return  to  the  surface  of  the  water 
as  a  result  of  collisions  with  other  water  mole- 
cules in  the  vapor.:  When  as  many  molecules  are 
returning  to  the  liquid  as  are  leaving  it,  the  vapor 
is  said  to  be  saturated..  Experiments  have  shown 
that  satiu*ated  vapor  in  a  closed*'containcr  exerts 
a  pressure  and  has  a  given  density  at  every 
temperature.. 


LIGHT 

The  exact  nature  of  light  is  not  fully  under- 
stood, although  men  have  been  studying  the 
subject  for  many  centuries.  Some  experiments 
Seem  to  show  that  light  is  composed  of  tiny 
particles;  and  some  indicate  that  it  is  made  up  of 
waves. 

First  one  theory  and  then  the  other  attracted 
the  approval  and  acceptance  of  the  physicists. 


INCIDENT  LIGHT  RAYS 
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Figure  4-12.-Light  rays  reflected,  absorbed/ 
and  transmitted. 

Today  there  are  scientific  phenomena  which  can 
be  explained  only  by  *^the  wave  theory  and 
another  large  group  of  occurrences  which  can  be 
made  clear  by  the  particle  or  corpuscular  thee  y. 
Physicists,  constantly  searching  for  some  new 
discovery  which  would  bring  th^e  contradictory 
theories  into  agreement,  gradually  have  come  to 
accept  a  theory  concerning  light  which  is  a 
combination  of  these  two  views. 

According  to  the  view  now  generally 
accepted,  light  is  a  form  of  electromagnetic 
radiation;  that  is,  light  and  similar  forms  of 
radiation  are  made  up  of  moving  electric^and 
magnetic  forces.  The  electromL/  .  tic  wave  does 
not  involve  moving  particles  of  matter,  but  relies 
on  electric  and  magnetic  force  fields.  The 
electromagnetic  waves  are  transmitted  most 
efficiently  in  the  absence  of  matter.  In  the 
electromagnetic  wave,  two  components  are 
required-an  electric  field  and  a  magnetic  field* 
These  two  fields  are  mutually  perpendicular  to 
each  other  and  to  the  direction  of  transmission. 
In  waves  that  depend  upon  moving  particles  of 
matter,  the  velocity  of  transmission  varies  with 
the  particular  medium,  and  is  comparatively 
slow;  in  the  electromagnetic  wave,  the  velocity 
of  transmission  is  the  speed  of  light  (approxi- 
mately 186,300  miles  per  second).  Examples  of 
electromagnetic  waves  include  heat,  light,  radio 
waves,  X-rays,  cosmic  radiation,  ultraviolet  rays, 
etc. 
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(A)  CHAN6IMG  DIRECTION 


(B)  FOCUSING  A  SEAM 
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FiQurt  4-13.-R6fle€tpr$  of  light  (A)  Changing  direction; 
(B)  focusing  a  beam;  (C)  iMuminatingan  area. 


All  types  of  waves  obey  certain  common  laws 
and  have  common  characteristics.  All  are  peri- 
odic; that  is,  they  all  constantly  repeat  the  same 
motion  pattern  so  that  each  succeeding  wave  is 
the  same  as  the  previous  one.  Each  wave  displays 
the  same  relationships  of  wavelength,  frequency, 
velocity  of  transmission,  amplitude,  and  phase; 
and  each  is  subject  to  the  same  conditions  of 
reflection  and  refraction. 

CHARACTERISTICS 

When  light  waves,  which  travel  in  straight 
lines,  encounter  any  substance,  they  are  trans- 
mitted, reflected,  or  absorbed.  (See  fig.  4-12.) 
Those  substances  which  permit  clear  vision 
through  them,  and  which  transmit  almost  all  the 
light  falling  upon  them,  are  said  to  be  trans- 
parent. Those  substances  which  allow  the 
passage  of  part  of  the  light,  but  appear  clouded 
and  impair  vision  substantially,  are  called  trans- 
lucent. Those  substances  which  transmit  no  light 
are  called  opaque. 

Objects  which  are  not  light  sources  are  visible 
only  because  they  reflect  all  or  port  of  the  light 
reaching  them  from  some  luminous  source.  If 
light  is  neither  transmitted  nor  reflected,  it. is. 
,  absorbed  or  talcen  up  by  the  medium.,  When 
light  strikes  a^^ubstance,  some  absorption  and 
reflection  always  take  place.  No  substance  com- 
pletely transmits,  reflects,  or  absorbs  all  the  light 
which  reaches  its  surface.  Figure  4-12  shows 
how  glass  transmits,  absorbs,  and  reflects  light.: 

Reflection 

Light  waves  obey  the  law  of  reflection  in  the 
same  manner  as  other  types  of  waves.  Devices 
built  specifically  for  the  purpose  of  reflecting 
light  are  generally  classed  as  mirrors.  They  may 
be  of  a  polished  opaque  surface,  or  they  may  be 
a  specially  coated  glass.  In  the  case  of  the  glass 
mirror,  there  is  some  refraction  as  well  as 
reflection;  however,  if  the  glass  is  of  good 
quality  and  not  excessively  thick,  the  refraction 
will  cause  no  trouble.  The  following  discussion  is 
based  on  the  polished  surface  type  mirror. 

Severa'  classes  of  mirrors  are  illustrated  in 
figure  4-1 3.  All  the  devices  work  on  the  basis  of 
the  previously  discussed  law  of  reflection,  and 
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the  applications  are  only  briefly  summarized 
here.  Basically,  the  reflector  is  used  tQ  change 
the  direction  of  a  light  beam  (A),  to  focus  a 
beam  of  light  (B),  or  to  intensify  the  illumina- 
tion of  an  area  (C). 

In  figure  4-13  (A),  the  angle  of  the  reflected 
light  may  be  changed  to  a  greater  or  lesser 
degree  by  merely  changing  the  angle  at  which 
the  incident  light  impinges  upon  the  mirror.  In 
figure  4-13  (B),  the  focusing  action  of  a  concave 
mirror  is  indicated..  The  point  of  focus  may  be™ 
made  any  convenient  distance  from  the  reflector^ 
by  proper  selection  of  the  arc  of  curvature  of 
the  mirror- the  sharper  the  qurvature,  the 
shorter  the  focal  length.  In  figure  4-13  (C),  the 
principal  of  intensification  of  illumination  for  a 
specific  area  is  illustrated.  The  flashlight  p  an 
example  of  this  application.  In  the  system 
shown,  note  that  the  light  source  (lamp)  is 
located  approximately  at  the  principal  focus 
point,  and  that  all  rays  reflected  from  the 
surface  are  parallel;  these  form  the  principal 
beam,  the  part  of  greatest  illumination.  Also 
note  that  the  reflector  does  not  concentrate  all 
the  rays— some  are  transmitted  without  being 
reflected  and  are  not  included  in  the  principal 
beam;  these  scattered  lays  dimly  illuminate  the 
nearby  area. 

Refraction 

.  As  light  passes  through  a  transparent  si'b- 
stance,  it  travels  in  a  straight  line.  However,  as  it 
passes  into  or  out  of  that  substance,  it  is 
refracted.  Refraction  of  light  waves  results  from 
the  fact  that  light  travels  at  slightly  different 
velocity  in  different  media.  To  help  in  under- 
standing light  refraction,  and  to  make  it  possible 
to  predict  the  outcome  of  specific  applications, 
many  transparent  substances  have  been  tested 
for  refractive  effectiveness.  The  ratio  of  the 
speed  of  light  in  air  to  its  speed  in  each 
transparent  substance  is  called  the  'Mndex  of 
refraction"  for  that  substance.  For  example, 
light  travels  about  one  and  one-half  times  as  fast 
in  air  as  it  does  in  glass,  so  the  index  of 
refraction  of  glass  is  about  1.5.  When  using  the 
law  of  refraction  in  connection  wiih  light,  a 
'*denser"  medium  refers  to  a  medium  with  a 
higher  index  df  refraction. 
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figure  4^14.-Refraction  through  plate  glass* 

Refraction  through  plate  glass  is  shown  in 
figure  4-14.  The  ray  of  light  strikes  the  glass 
plate  at  an  oblique  angle.  If  it  were  to  continue 
in  a  straight  line,  it  would  emerge  from  the  plate 
at  point  A;  but  in  accordance  with  the  law  of 
refraction,  it  is  bent  toward  the  normal  and 
emerges  from  the  glass  at  point  B.,  Upon  entering 
the  air,  the  ray  does  not  continue  on  its  path  but 
is  bent  away  from  the  normal  and  along  the  BC 
in^the  air..  If  the  two  surfaces  of  the  glass  are 
parallel,  the  ray  leaving  the  glass  is  parallel  to  the 
ray  entering  the  glass.  The  displacement  depenJs 
upon  the  thickness  of  the  glass  plate,  the  angle 
of  entry  into  it,  and  the  index  of  refraction  For 
the  glass. 

All  rays  striking  the  glass  at  any  angle  other 
than  perpendicular  are  refracted  in  the  same 
manner..  In  the  case  of  a  perpendicular  ray,  no 
refraction  takes  place,  and  the  ray  continues 
through  the  glass  :^d  into  the  air  in  a  straight 
line. 

Diffusion 

Reflection  from  a  relatively  smooth  surface 
presents  few  problems.  As  shown  in  figure  4-15 
(A),  rays  are  reflected  from  a  flat  smooth 
surface  in  an  orderiy  manner  with  all  rays  at  the 
same  angle  and  all  rays  parallel  to  each  other. 
This  is  called  regular  or  specular  reflection.  It  is 
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INCIOENT  LIGHT  REFLECTED  LIGHT 


INCIOtNT  LIGHT         REFLECTED  LIGHT  SCATTERED 


DIFFUSED 

(B) 


AJ2B 

Figure  4-1 5.- Reflection  from  a  plane  surface. 
(A)  Regular  (specular);  (B)  mregular  (diffused). 
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Figure  4-16.— Compression  and  rm^efaction 

(expansion)  of  sound  wave.  ^ 

a  different  matter,  however,  with  a  rough 
surface.  The  law  of  reflection  is  still  valid,  but 
due  to  the  rough  surface,  the  angle  of  incidence 
is  somewhat  different  for  each  ray.  The  reflected 
rays  scatter  in  all  directions,  as  shown  in  figure 
4-15  (B).  This  form  of  reflection  called 
irregular  or  diffused  reflection. 


SOUND 

BASIC  CONSIDERATION 

The  term  sound  is  generally  used  in  reference 
to  hearing;  but  when  used  in  physics,  the  term 
has  to  do  with  a  particular  type  of  wave  motion 
and  with  the  generation,  transmission,  (detection, 
characteristics,  and  effects  of  those  waves.  The 
effects  of  sound  waves  are  not  covered  in  this 
manual. 

Any  object  which  moves  rapidly  to  and  fro, 
or  which  vibrates  rapidly  in  such  a  manner  as  to 
disturb  the  surrounding  medium,  may  become  a 
sound  source.  Sound  requires  three 
components~a  source,  a  medium  for  trans- 
mission, and  a  detector.  As  widely  different  as 
sound  sources  may  be,  the  waves  they  produce 
have  certain  commoh  characteristics. 

Wave  Motion  / 

Sound  waves/ are  longitudinal  type  waves 
which  rely  oiy  a  physical  medium  for  trans- 
mission. Since/the  waves  are  transmitted  by  the 
compression/and  rarefaction  of  particles  of 
matter  in  the  medium,  they  cannot  be  trans- 
mitted th^ugh  a  vacuum.  Sound  waves  are 
similar  to  waves  of  other  types  in  that  they  can 
be  reflected,  absorbed,  or  refracted  according  to 
laws  previously  discussed. 

The  major  differences  between  the  waves  of 
sound  and  the  waves  of  heat  and  light  are  the 
frequencies,  the  nature  of  the  wave,  and  veloc- 
ities of  wave  travel. 

Wave  motion  involving  the  motion  of  particles 
of  matter  may  be  produced  by  the  phsical 
vibration  of  a  body.  An  example  of  this  type 
wave  is  the  sound  wave  which  is  produced  by 
striking  the  tine  of  a  tuning  fo^k.  When  struck, 
the  tuning  fork  sets  up  a  vibratory  motion.  As 
the  tine  moves  in  an  outward  direction,  the  air 
immediately  in  front  of  the  tine  is  compressed 
so  that  its  momentary  pressure  is  raised  above 
that  at  other  points  in  the  surrounding  medium 
(air).  Because  air  is  elastic,  this  disturbance  is 
transmitted  progressively  in  an  outward  direc- 
tion as  a  compression  wave.  When  the  tine 
returns  and  moves  in  the  inward  direction,  the 
air  in  front  of  the  tine  is  rarefied  so  that  it« 
momentary  pressure  is  reduced  bel^^w  that  at 
other  points  in  the  surrounding  medium.  This 
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disturbance  is  also  transmitted,  but  in  the  form 
of  a  rarefaction  (expansion)  wave,  and  follows 
the  compression  wave  through  the  mediibri. 

The  compression  and  expansion  w^ve^  are 
also  called  longitudinal  waves,  because  the  p^ti- 
cles  of  matter  which  comprise  the  medium  move 
back  and  forth  longitudinally  in  the  direction  of 
wave  travel.  Figure  4-16  is  a  simplified  repre- 
sentation of  the  use  of  a  tuning  fork  to  produce 
a  longitudinal  wave.  The  transverse  wave  shown 
below  the  longitudinal  wave  is  merely  a  con- 
venient device  to  indicate  the  relative  density  of 
the  particles  in  the  medium,  and  does  not  reflect 
the  movement  of  the  particles. 

The  progress  of  any  wave  requiring  movement 
of  particles  in  the  transmission  medium  involves 
two  distinct  motions-^he  wave  itself  moves 
forward  with  constarrt  speed  and,  simulta- 
neously, the  particles  within  the  medium 
vibrate.  The  period  at  a  vibratmg  particle  is  the 
time  required  for  tne  particle  to  complete  one 
full  vibration  or  /ycle.  The  frequency  is  the 
number  of  vibrations  completed  per  unit  of  time 
and  is  expressed^  hertz. 

Frequencies 

Sound  waves  vary  in  length;  a  long  wavelength 
is  heard  as  a  low  sound,  while  a  short  wavelength 
is  heard  as  a  high  wound.  The  frequency  range 
between  15  and  20,000  hertz  is  called  the 
audible  range  or  normal  hearing  range,  and  the 
sounds  heard  are  known  as  sonics.  Sounds  below 
1 5  hertz  are  subsonics;  those  above  20,000  hertz 
are  ultrasonics. 

Conduction  Media  and  Velocity 
of  Transmission 

In  any  uniform  medium  under  given  physical 
conditions,  sound  travels  at  a  definite  sp^ed.  In 
some  substances,  the  velocity  of  sound  is  higher 
than  in  others.  Even  in  the  same  medium  under 
different  conditions  of  temperature  :'and  pres- 
sure, the  velocity  of  sound  varies.  Dens^y  and 
elasticity  of  a  medium  are  basic  physical  proper- 
ties which  govern  the  velocity  of  sound. 

At  a  given  temperature  and  pressure,  all  sound 
waves  travel  at  the  same  speed  in  air,  regardless 
of  frequency  or  wavelength.  The  speed  of  sound, 
however,  does  increase  with  temperature  at  the 


Table  4-4.-Comparison  of  velocity  of 
sound  in  various  media 


'  Medium 

Temperature 
CF) 

Velocity 
(ft/sec) 

Air 

32 

1 ,08  ' 

Air 

68 

1,127 

Fresh  water 

32 

4,629 

Fresh  water 

68 

'  4,805 

Salt  water 

32 

1  4,800 

Salt  water 

.  68 

4,953 

Steel 

32 

16,410 

Steel 

68 

16,850 

rate  of  2.0  feet  per  second  (fps)  per  degree 
Celsius,  For  practical  purposes,  the  speed 
sound  in  air  may  be  considered  1,100  fps.  Refer 
to  table  4A  for  speed  of  sound  in  varipWmedia 
at  different  temperatures. 

As  previously  stated,  a^^nd"  wave  is 
compressional  wave  traijsiifitted  through  an  elas- 
tic medium.  Soun^^^tfavels  faster  through  water 
(4,800  fps)  tliati  air  (1,087  fps)  because  the 
elasticityj^fwater  is  greater  than  that  of  air.   ^  \ 

For  a  fixed  temperature,  the  velocity/ of 
sound  is  constant  for  any  medium  and  is 
independent  of  the  frequency  or  aniplitudle  of 
the  disturbance.  Thus,  the  velocity  of  sour  d  in 
air  at  0*  C  (32^  F)  is  1,087  fps  and  increast^s  by 
2  fps  for  each  degree  Celsius  rise  in^emperature 
(1.1  fps  for  each  degree  Fahrenheit). 

The  velocity  of  sound  also  varies  wiih  a 
change  in  altitude.  With  an  increase  in  altitude, 
the  atmospheric  pressure  is  reduced  and  the 
medium  is  less  dense.  Sound  waves  travel  slower 
in  a  less  dense  medium.  Therefore,  it  may  be 
considered  that  the  velocity  of  sound  varies 
inversely  with  the  altitude. 

Characteristics 

Numerous  terms  are  used  to  convey  impres- 
sions of  sounds,  including  whistle,  scream, 
rumble,  and  hum.,  Most  of  these  are  classified  as 
noises  in  contrast  to'^ musical  tones.  The  distinc- 
tion is  based  on  the  regularity  of  the  vibrations, 
the  degree  of  dampbig,  and  the  ability  of  the  ear 
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to  recognize  components  having  a  musical 
sequence. 

The  can  distinguish  tones  that  are  dif- 
ferent in  pitch,  intensity,  or  quality.  Each  of 
these  charactenstics  is  associated  with  one  of  tfie 
properties  cf  the  vibrating  source  or  of  the 
"Avaves  that  the  source  produces.  Thus,  pitch  is 
determined  by  the  number  of  vibrations  per 
second,  intensity  by  the  amplitude  of  the  wave 
motion,  and  quality  by  the  number  of  overtones 
(harmonics)  which  the  wave  contains.  A  sound 
wave  can  best  be  described  by  ita  frequency 
rather  than  by  its  velocity  or  wavelength,  as 
both  the  velocity  and  the  wavelength  change 
when  the  temperature  of  the  conducting 
medium  changes, 

PITCH, -The  term  pitch  is  used  to  describe 
tlie  frequency  of  a  sound.  The  outstanding 
recognizable  difference  between  the  tones  pro- 
duced by  two  different  keys  on  a  piano  is  a 
Hifference  in  pitch.  The.  pitch  of  a  tone  is 
proportional  to  the  number  of  compressions  and 
rarefactions  received  per  second,  which  in  turn  is 
determined  by  the  vibration  frequency  of  the 
sounding  source. 

Pitch  is  usuaUy  measured  by  compariion  with 
a  standard.  The  standard  tone  may  be  produced 
by  a  tuning  fork  of  known  frequency  or  by  a 
siren  whose  frequency  is  computed  for  a  particu- 
lar S|  ^ed  of  rotation;  by  regulating  the  speed, 
the  pitch  of  the  siren  is  made  equal  to  that  of 
tlie  tone  being  measured..  The  ear  can  determine 
this  equality  iirectly  if  the  two  sources  are 


sounded  alternately,  or  by  the  elimination  of 
beats  by  regulating        need  of  the  siren  if  the 
^two  sources  are  sou;      •  ^gether, 

INTENSITY,-W1,  .  bell  rings,  the  sound 
waves  spread  out  in  all  directions  and  the  sound 
is  heard  in  all  directions.  When  a  bell  is  struck 
lightly,  the  vibrations  are  of  small  amplitude  and 
the  sound  is  weak,  A  stronger  bldw  produces 
vibratic  s  of  greater  amplitude  in  the  bell,  and 
the  sound  is  louder,. '  It  is  evident  that  the 
amplitude  of  the  air  vibrations  is  greater  when 
the  amplitude  of  the  vibrations  of  the  source  is 
increased.  Hence,  the  .loudness  of  the  sound 
>ep6nds  on  the  (Amplitude  of  the  vibrations  of 
the  sound  waves.  As  the  dHance  from  the 
source  increases,  the  energy  in  each  wave  .spreads 
out,  and  the  sound  becoynes  weaker.. 

QUALITY, -Most  so|inds  and  musical  notes 
are  not  pure  tones,  but  a.e  mixtures  of  tones  of 
different  frequencies.  The  tones  produced  by 
most  sources  can  be  represented  by  composite 
waves  in  which  the  sound  of  lowest  pitch,  the 
fundamental  tone,  is  accompanied  by  several 
harmonics  or  overtones  having  frequencies  that 
are  2,  3,  4  or  more  times  ijiat  of  the  funda- 
mental frequency.  The  quality  of  a  tone  depends  . 
on  the  number  of  overtones  present  and  on  the^r 
frequencies  and  intensities  relative  to  the  funda^^ 
mental  tone.  It  is  this  characteristic  of  difference  ^ 
in  quality  that  distinguishes  tones  of  like  pitch 
and  intensity  when  sounded  on  different  types 
of  musical  instruments  (piano,  organ,  violin, 
etc). 
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CHAPTER  5 

TOOLS  AND  MATERIALS 


A  skilled  technician  can  be  identified  by  th^ 
Nvay  he  handles  and  cares  for  his  tools  and 
materials.  Tools  are  a  costly  investment  and 
should  be' cared  for  and  used  to  full  advantage. 
There  seems  to  be  son;ething  about  a  good  tool 
that  helps  the  average  technician  turn  out  better 
than  average  work.  This. fact  alone  more  than 
justifies  the  slightly  higher  cost  of  quality  tools. 
Even  more  important  is  the  fact  that  low  quality 
tools  b(ecome  defective  more  readily  and  can 
result  in  injury  to  the  user  or  damage  to  the 
equipment  undergoing  repair. 

Mn  the  same  manner,  proper  use  of  quality 
materials  improves  the  quality  of  any  mainte- 
nance task  and  reduces  the  possiWlUy  of  new 
failures.  It  is  the  responsibility  of  all  mainte- 
nance personnel  to  become  thorouglily  familiar 
with  the  tools  and  materials  of  his^rade  and  be 
proficient  in  their  care  and  use. 


TOOLS 

An  ASt  is  only  as  good  as  he  is  proficient 
with  the  tools  of  his  trade.  Without  tools  and 
equipment  with  which  to  work,  even  the  mo5t 
experienced  ASE  is  rendered  ineffective. 

Each  ASE  in  the  wo^k  center  is  usually  issued 
a  toolbox  of  common  or  basic  handtools.  It  is 
his  responsibility  to  keep  those  tools  in  good 
condition  and  ready  for  use.  At  the  time  of  i.ssue 
of  the  toolbox,  he  is  also  provided  with  a  copy 
of  his  tool  inventor^'.  By  means  of  this  inventory 
h'^  can  quickly  ascertain  if  his  toolbox  is 
complete. 

Special  tools  for  which  the  ASE  has  only 
occasional  use  are  kept  in  a  centrL-l  place  frojn 
which  he  may  draw  them  "as  needed.  It  may  be 
practical  for  special  tools  used  frequently  to  be 
kept  in  individual  toolboxes/if  sufficient  quan- 
tities are  available  and  tools  are  noi  overly 


subfiect  to  damage.  Close-tolerance  tools  require 
cautions  handling  to  prevent  damage. 

As  can  be  appreciated  from  the  foregoing, 
there  is  much  the  ASE  needs  to  know  about 
procurement,  issue,  care,  and  accounting  for 
common  and  special  tools  as  well  as  using  them 
to  perform  repair  anc^  maintenance  tasks  on 
ground  support  equipment. 


COMMON  HANDTOOLS 

in  this  manual  the  term  ''common  handtools" 
is  used  to  refer  to  small,  portable  power  tools 
and  nonpowered  handtools  that  are  common  to 
the  ASE,  ASH,  and  ASM  ratings.  This  includes 
such  common  tools  as  screwdrivers,  pliers, 
wrenches,  hammers,  chisels,^  hacksaws,  files, 
drills,  Sanders,  etc.-  These  tools  are  covered  in 
Tools  And  Their  Uses,  NavPers  10085  (Series), 
and  Airman,  NavPers  10307  (Series),  therefore, 
they  will  not  be  discussed  in  this  manual. 

SPECIA  TOOLS 

The  ASE  will  use  numy  tools  which  are  not 
covered  ii^  the  basi^  manuals'  previou.sly 
mentioned.  A  wide  variety  of  specii\l  tools  are 
furnished  by  the  manufacturers  of  tl\e  support 
equipment,  engunes,  and  related  eqviipment. 
These  tools  are  listed  in  special  allowahce  lists 
published  by  the  Naval  Air  Systems  Command, 
and  their  use  is  explained  in  the  applicable 
manuals  covering  the  specific  support  equip- 
ment, engine,  or  item  of  equipment  for  which 
they  were  designed..  There  are  other  tools  which 
are  peculiar  to  the  maintenance  of  electri<;al/ 
electronic  equipments,  or  which  have  been 
developed  since  the  basic  manuals  have  been 
i.ssued. 
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Although  the  following  list  is  not  complete,  it  is 
representative  of  the  special  tools  most  commonly 
used  in  electrical/electronics  maintenance  wrk. 

Nonmagnetic  Tools 

Tools  made  of  nonmagnetic  matcnais  are 
a\ailable  through  normal  .ipply  channels.  They 
are  used  tor  performing  specific  maintenance 
task  on  certain  classes  of  equipment  or  com- 
ponents, such  as  equipment  containing  magnets. 
These  tools  are  normally  made  of  beryllium- 
co^pper  or  plastic,  aic  not  as  rugged  as  steel  toc»ls, 
and  are  much  more  easily  damaged.^  Restricting 
their  •  to  the  purpose  for  whici.-  they  we^e 
ii\endeu  will  prolong  their  ui^eful  life  and 
ihvfease  their  usefulness  when  required. 

In  addition  to  p  uble  damage  of  the  tool 
iiself.  indiscrin  :  .  use  of  these  tools  could 
allow  them  to  transfer  foreign  particles  to 
locations  where  possible  trouble  could  result. 

Good  general  maintenance  practice  involves 
wiping  the  tools  before  use  and  again  after  use. 
Tliis  is  especially  advisable  in  the  case  of 
nonmagnetic  tools,  A  lint-free  cloth  dampened 
with  an  approved  cleaning  solvent  is  to  be  used 
for  this  purpose. 

Insulated  Tools 

Safety  considerations  require  use  of  insulated 
tools  whenever  the  danger  of  electrical  shock  or 
short  circuit  exists.  Many  types  of  tools  are 
available  in 'insulated  form  directly  through 
supply  channels  at  little  or  no  additional  cost. 
These  tools  should  be  ol)tained  and  used  when- 
ever available.  However^  inany  types  of  insulated 
tools  are  not  readily  avaihble  (or  are  available 
qnly  at  considerable  added  expense).  If  essential, 
these  tools  slio_uld.be  procured  or  conventional 
tools  may  be  modified.  Insulated  sleeving  may 
be  put  on  the  handles  of  pliers  and  wrenches  and 
Oil  the  shanks  of  screwdrivers.  Tools  modified  in 
this  manner  should  bemused  only  for  low  voltage 
circuits  becauseK)f  the  limitations  of  the  insulat- 
ing materials.  For  higher  voltage  uses,  special 
insulating  handles  are  available  for  many  of  the 
common  types  of  tnols.^^^ 

In  some  instances,  it  isr  necessary  to  use  tools 
which  are  made  of  insiUatii  ;^  material,  rather 
than  merely  having  an  insuJating  handle.  In  these 


instances,  the  tools  should  be  requisitioned 
through  normal  supply  channels,  if  possible.  If 
Miey  are  not  available  through  normal  supply 
channels,  they  may  be  purchased  on  the  open 
market. 


Relay  Tools 

Do  not  use  sandpaper  or  emery  cloth  to  clean 
tl:e  contact  points  of  relays  or  ignition  points. 
Use  of  these  abrasives  will  often  gouge  out 
portions  of  the  points  or  leave  grit  from  the 
abrasives  sticking  in  the  points  which  holds  them 
partially  open  and  will  cause  them  to  arc  and 
burn.  Likewise,  the  contact  points  supports  are 
often  bent  if  these  abrasives  are  used,  thereby 
causing  misalinement  of  the  points.  Attempts  to 
straighten  them  \^'ith  lorgnose  pliers  cause 
further  damage  ret^uinng  leplacement  of  the 
relays.  Tl  '  *  can  be  avoided  by  usilnga  burnishing 
tool  to  clean  dirty  contact  points.  Figure  5-1  (a) 
illustrates  a  burnishing  tool  being  used  on  a 
relay, 

Bumisliing    tools   are   stocked   in  supply 
activities  and  ^lay  be  obtained  through  normal 
supply  channd?  When  using  this  tool.,  he  suro^to. 
clean  it  throughly  with  alcohol;  do  not  touch 
the  tool  surface  Junior  to  use.  ^ 

Another  usetul  tool  in  relay  maintenance  is  a 
point  support  bender  which  is  used  to  aline  the 
relay  contact  points.  The  point  support  bender 
may  be  obtained  fhrougli  normal  supply  chan- 
nels or  manufactured  locally  from  flat  stock 
shap'^d  as  shown  in  figure  5-1  (B).  The  actual 
size  may  vary  according  to  the  relay  being 
repaired,  but  the  point  support  bender  should  be 
small  nough  to  allow  freedom  of  movement  so 
as  not  to  darnage  other  pari.,  of  the  rdlay. 

Wire  and  Cable  Strippers 

Neariy  all  wires  and  cables  used  as  electrical 
conductors  ^are  covered  with  ,some  type  pf 
insulation..  In  order  to  make  electrical  connec- 
tions with  the  wire,  a  part  of  this  insulation 
must  b':  removed,  leaving  the  end  of  the  wire 
bare.  To  facilitate  the  removal  of  this  insulation, 
use  a  wire  and  cable  stripping  tool  similar  to  the 
one  shown  in  figure  5-2. 
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Although  several  variations  of  this  basic  tool 
are  available,  one  of  the  most  efficient  and 
effective  is  the  type  illustrated.  Its  operation  is 
extremely  simple-insert  the  end  of  the  wire  in 
the  proper  direction  to  the  depth  to  be  stripped, 
position  the  wire  so  that  it  rests  in  the  proper 
groove  for  that  size  wire,  and  squeeze.  The  tool 
functions  in  three  steps  as  follows: 

1.  The  cable  gripping  jaws  close,  clamping  tfie 
insulated  wire  firmly  in  place.  The'wire  must  be 
inserted  so  that  the  jaws  clamp  the  main  section 
of  the  wire  rather  than  the  end  to  be  stripped. 

2.  The  insulation  cutting  jaws  close,  cutting 
the  insulation.  If  the  wire  is  not  inserted  in  a 
groove,  the  conductor  will  aisc  be  cut.  If  the 
wir^  is  posKioned  into  too  small  a  groove,  some 
of  the  strands  wil'  be  severed.  If  the  groove  is 
too  large,  the  insulation  will  not  be  completely 
severed..  Inserted  properly  into  the  correct 
groove,  the  insulation  will  be  cut  neatly  and 
completely,  and  the  wire  will  not  be  damaged. 

3.  The  two  sets  of  jaws  separate,  removing 
the  clipped  insulation  from  the  end  of  the  wire 
The  jaws  are  spring  loaded  to  the  closed  posi- 
tion; therefore,  the  handles  must  be  squeezed 
until  the  jaws  reach  the  full  open  «iid  locked 
position.  This  prevents  the  cutting  jaws  from 
closing  (which  would  damage  end  of  wirv)  and 
allows  cable  gnpping  jaws  to  open,  releasing  the 
wire. 

If  cable  and  wire  strippers  of  this  type  are  not 
available,  an  emergency  stripper  may  be  made 
by  filing  notches  in  the  jaws  of  diagonal  pliers  or 
pocket  fingernail  clippers,  using  jeweler's  files, 
Care  must  be  taken  to  file  the  grooves  into  the 
proper  positions  in  opposing  jaws,  and  the  size 
of  the  groove  must  be  appropriate  for  the  size 
wire  on  which  it  is  to  be  us^d.  When  properly 
modified,  these  tools  will  perform  satisfactorily 
and  may  be  used  if  the  more  desirable  stripper  is 
not  available. 

Crimping  Tool 


TYPE  MS  25037-1. -The  standard  too!  MS  AE.35 

25037-1,  issued  for  crimping  solderless  lernii-  Figure  5-1, -Relay  tools, 
nals,  is  for  use  with  standard  insulated  copper 

terminal  lugs  manufactured  according  to  MS  the  jaw  applies  crimpmg  action  to  fasten  the 

25036,  The  standard  tool  employs  a  double  jaw  terminal  to  the  bare  wire  when  the  terminal  is 

tr  hold  the  terminal  lug  or  splice.  One  side  of  inserted,  as  shown  at  ib^  left  'k\  figure  5-3.  When 
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J  Figure  5-2.--Wire 

the  tool  is  used  correctly,  a^jjej£p_crinip  is4)lacjcu 
in  the  B  area  of  terminal  lugs  and  splices,  as 
shown  oh  the  right, in  figure  5-3,  A  shallow 
crimp  is  applied  to  the  portion  of  the  terminal 
or  splice  which  extends  over  the  insulation  of 
the  wire,  as  indicated  by  the  A  area  in  the 
diagrams.  This  clamping  action  is  provided  by  a 
recessed  portion  in  the  other  side  of  the  divided 
jaw.  A  guard,  which  should  be  in  the  position 
shown  when  crimping  terminals^  aids  in  proper 
positioning  of  the  terminal..  However,  the  guard 
must  be  moved  out  of  the  way  when  the  tool  is 
used  for  crimping  splices 

Without  the  guard,  ^le  tool  may  be  used 
incorrectly  when  crimping  terminals;  for 
example,  the  terminal  might  be  inserted  from 
the  wrong  side  of  the  tool.  The  result  is  that  the 
deep  crimp  is  placed  in  the  A  area  of  the 
terminal  and,  although  the  wire  may  be  held 
securely  in  place,  the  connection  is  poor.. 
Common  sense  indicates  that  the  deep  crimp 
must  clamp  the  metal  of  the  terminal  to  the  bare 
metal  of  the  wire  in  order  to  provide  a  good 
electrical  and  mechanical  connection.. 


AE.37 

J  cable  stripper. 

-  Ihe-MS_Jlija3ii.  t^ol. requires  an  occasional 
go,  no-go  check  for  wear.  A  No.  36  (0. 106)  drill 
roti  should  not  enter  the  smaller  (red  or  blue) 
nest  when  the  tool  is  fully  closed.  If  it  does 
enter,  have  the  tool  repaired. 

Installation  Practices  for  Aircraft  Ebctfic  atid 
Electronic  Wiring,  NavAit  OI-lA-505  contains 
illustrations  and.inform'atior^  on  several  daferent 
crimping  tools  along  with  detailed  instructions 
for  their  use. 

.gafetyWii^ 

When  installing  equipment,  it  is  somenmes 
necessary  to  lockwire  (usually  referred  to  as 
safety  wire)  designated  parts  of  the  installation. 
The  process  of  lockwiring  can  be  accomplished 
faster  and  neater  with  the  use  of  special  pliers. 

Safety  wire  pliers  (fig.  5-4)  are  three-way 
pliers  which  hold,  twist,  and  cut..  They  are 
designed  to  make  a  uniform  twist  (when  used 
properly)  and  to  reduce  the  time  required  in 
twisting  the  safery  wire  on  nuts,  bolts,  electrical 
connectors,  etc.  To  operate,  grasp  the  v/ire 
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TERMINAL  LUG  tN  JAWS  OF 
CONNECTING  TOOL  MS  25037-1 
(CUTAWAY  VIEW  OF  JAWS) 

INSULATION 

.CRIMPING 
.lAW 


CRIMPING 
JAW 


INSULATED 
WIRE 


Figure  5-3. -Crimping  tool  MS  250371., 
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between  the  two  diagonal  jaws  of  the  pliers,  as 
the  handles  are  squeezed  togetaer,  the  thumb 
and  fore  finger  will  bring  the  outer  (locking) 
sleeve  into  the  locked  position.  A  pull  on  the 
knob  of  the  pliers  will  make  a  uniform  twist  if 
held  properly.  The  spiral  rod  may  be  pushed 
back  into  the  pliers  without  unlocking  them, 
and  by  again  pulling  on  the  knob-^  tighter  twist 
will  be  given.  The  wire  should  be  installed 
snugly,  but  not  so  tight  that  the  part  or  the  wire 
is  ovy-stressed,  A  squeeze  on  the  handles 
unlocKS  the  pHers,  and  the  wire  can  be  cut  to  the 
proper  length  with  the  cutting  jaws. 

Often  the  routing  of  the  tvv/isted  wire  is 


dictated  by  the  particular  installation,  and  in 
many  instances  is  designated  in  the  appropriate 
Operation  and  Service  Instructions.  Detailed 
information  regarding  the  safety  wiring  of  elec- 
trical connectors  is  contained  in  the  previously 
referenced  NavAir  01-1 A-505.,  Some  methods  of 
safety  wiring  are  discussed  in  chapter  8  of  this 
manual. 

Diagonal  Pliers 

Diagonal  cutting  pliers  commonly  called 
**dikes/'  are  used  for  cutting  small,  light  material, 
such  as  wire  jp  areas  which  are  inaccessible 
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Figure  5-4.-Using  safety  wire  pliers. 

CO  the  larger  cutting  tools-  The  diagonal 
pliers  are  designed  with  approximately  a  15 
degree  offset  on  the  cutting  edges,  to  pemiir 
cutting  Hush  with  a  surface.  These  pliers  should 
never  be  used  to  hold  objects,  because  of  the 
tremendous  shearing  force  that  they  exert. 

When  using  diagonal  pliers  to  snip  short 
lengths  of  wire  or  other  materials,  there  is 
danger  of  flymg  pieces.  One  method  of  prevent- 
ing or  minimizing  this  danger  is  to  add  potting 
comppund  to  the  jaws  of  the  pliers..  This  permits 
the  technician  to  clip  small  bits  of  wire  or  other 
materials  and  the  potting  compound  prevents 
the  small  bits  from  being  propelled.  Pliers  of  this 
type  may  be  obtained  through  regular  supply 
channels  or  a  conventional  pair  may  be  modi- 
fied. Refer  to  figure  5-5. 

To  modify  a  pair  of  diagonal  pliers, 
thoroughly  clean  the  pliers  with  solvent  and 
secure  the  handles  in  closed  position  with  tape 
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Figure  5-5.-Dtagonal  pliers.  <A)  Without 
compound;  (B)  applying  compound; 
(C)  with  compound. 
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Fiqure  5'6.— Brush  spring  compressor  tools. 
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or  arubberband.  Apply  the  potting, compound; 
allow  to  dry  for  24  hours.  The  jaws  may  then  be 
separated  by  slicing  them  apart  with  a  sharp 
cutting  tool  such  as  a  knife  or  razor  blade 

Brush  Spring  Compressor 
(Lifter) 

The  problem  of  removing  and  installing  gene- 
rator brushes  can  be  made  much  easier  by  the 
use  of  a  brush  spring  com;£ressor.:  This  tool  may 
be  fabricated  locally  from  I /8-inch  steel  welding 
rod  and  used  to  compress  the  generator  brush 
springs  when  removing  or  instalHng  the  bnishes. 
Different  versions  of  the  tool  can  be  made  by 
simply  bending  the  rod  to  fit  the  pa»-ticular 
brush  spring  arrangement..  The  tool  shown  in 
figure  5-6  (A)  was  designed  for  a  particular 
generator,  but  the  one  in  figure  5-6  (B)  can  be 
used  on  several  different  types  of  generators. 


Electric  Soldering  Equipment 

The  electl-ic  soldering  iuns  and  irons  used  in 
the  different  maintenance  activities  come  in 
many  types  and  sizes.  They  have  a  wide  range  of 


wattage  ratings,  especially  the  irons.  Some  ,  ill 
operate  on  28  volts  a,c.  or  d.c,  others  operate 
on  1 15  volts  a.c.  or  d.c.  and  others  will  operate 
only  on  115  volts  a.c. 

The  soldering  equipment  designed  for  a.c. 
only  normally  operates  on  a  power  supply 
having  a  frequency  of  60  hertz  but  may  be  used 
on  one  with  a  frequency  of  400  hertz..  I  his 
results  in  a  lower  operating  temperature,  but 
satisfactory  soldering  temperatures  can  be 
obtained  (at  the  expense  of  increased  time) 
without  damage  to  the  equipment 

SOLDERING  IRONS.^AII  high  quality  sol- 
dering  irons  operate  in  the  temperature  range  of 
500°  to  600'  F..  Even  the  little  25-watt  midget 
irons  produce  this  temperature.  The  important 
difference  in  iron  sizes  is  not  temperature,  but 
thennal  inertia  (the  capacity  of  the  iron  to 
generate  and  maintain  a  satisfactory  soldering 
temperature  while  giving  up  heat  to  the  joint  to 
/be  soldered).  Although  it' is  not  practical  to  try' 
/  to  solder  a  hea\y  metal  box  with  the  25-watt 
iron,  that  iron  is  quite  suitable  for  replacing  a 
half-watt  resistor  in  a  printed  circuit..  An  iron 
with  a  rating  as  large  as  150  watts  would  he 
satisfactory  for  use  on  a  printed  circuit,  PRO- 
VIDED that  suitable  soldering  techniques  are 
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HEAVY  DUTY 


MEDIUM  DUTY 


LIGHT  DUTY 

AS.202 

Figure  5-7.-An  as^rtment  of  soldering  irons. 

used.  One  advantage  of  using  a  small  iron  for 
small  work  is  that  it  is  light  and  easy  to  handle 
and  has  a  small  tip  which  is  easily  inserted  into 
close  places.  Also,  even  though  its  temperature  is 
high,  it  does  not  have  the  capacity  to  trahsfer 
large  quantities  of  heat.  An  assortment  of 
soldering  irons  is  shown  in  figure  5-7. 

Some  irons  have  built-in  thermostats.  Others 
are  provided  with  thermostatically  controlled 
stands.  These  devices  control  the  temperature  of 
the  soldering  iron,  but  are  a  source  of  trouble.  A 
well-designed  iron  is  self-regulating  by  virtue  of 
the  fact  that  the  resistancj  of  its  element 
increases  with  rising  temperature,  thus  limiting 
the  flow  of  curent.  For  critical  work,  it  is 
convenient  to  use  a  variable  trai.sformer  for  fine 
adjustment  of  heat;  but  for  general-purpose 
work,  no  temperati  .re  regulation  is  needed. 

PENCIL  IRON  AND  SPECIAL  TIPS.  -The 
pencil  iron  with  special  tips  (see  fig.  5-8)  is  a 
soldering  iron  so  versatile  that  it  bears  special 
mention.  It  is  almost  indispensable  for  soldering 
where  the  applied  heat  must  be  kept  to  a 
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minimum.  The  iron  is  small  in  size  and  has  a  low 
wattage  rating.  Tliis  type  of  iron  is  ideal  for 
solder  work  involving  transistors,  printed  circuit 
repair,  miniaturized  components,  etc.. 

The  iron  is  equipped  with  several  tips  that 
range  from  one-fourth  to  one-half  inch  in  size 
(diameter)  and  are  of  various  shapes.  This 
feature  makes  it  adaptable  to  a  variety  of  jobs. 
Unlike  most  tips  which  are  held  in  place  by 
setscrews,  these  tips  have  threads  and  screw  into 
the  barrel.  This  feature  provides  excellent  con- 
tact with  the  heating  element,  thus  improving 
heat  transfer  efficiency.  A  pad  of  ''antiseize" 
compound  is  supplied  with  each  iron..  This 
compound  is  applied  to  the  threads  each  time  a 
tip  is  installed  in  the  iron,  thereby  enabling  the 
tip  to  be  easily  removed  when  another  is  to  be 
inserted. 

A  special  feature  of  this  iron  is  a  soldering  pot 
(not  shown)  that  screws  in- like  a  tip  and  holds 
about  a  thimbleful  of  solder..  It  is  useful  when 
tinning  the  ends  of  large  numbers  of  wires. 

The  interchangeable  tips  are  of  various  sizes 
and  shapes  for  specific  applications.  Extra  tips 
may  be  obtained  and  shaped  to  serve  special 
purposes.  The  thread-in  units  are  useful  in 
soldering  subminiature  items..  The  desoldering 
units  are  specifically  designed  for  performing 
special  and  individual  functions. 

.\nother  advantage  of  the  pencil  soldering 
iron  is  its  possible  use  as  an  improvised  light 
source  for  inspections.  Simply  remove  the  sol- 
dering tip  and  insert  a  120-volt,  6-watt,  type 
6S6,  cande^labra  screwbase  lamp  bulb  into  the 
socket. 

SOLDERING  GUN.-  The  soldering  gun  (fig. 
5-9)  has  gained  great  popularity  in  recent  years 
because  it  heats  and  cools  rapidly.  It  is  especially 
well  adapted  to  maintenance  and  trouble- 
shooting work  where  only  a  small  part  of  the 
technician's  time  is  spent  actually  soldering.  A 
soldering  iron,  if  kept  hot  constantly,  oxidizes 
lapidiy  and  is  therefore  difficult  to  keep  clean. 
The  soldering  gun  eliminates  this  problem. 

A  transformer  in  the  gun  supplies  approxi- 
mately I  volt  at  high  current  to  a  loop  of  copper 
which  acts  as  the  tip.  It  heats  to  soldering 
temperature  in  3  to  5  seconds,  but  will  heat  to 
as  high  as  1,000'F  if  left  on  over  30  seconds. 
The  gun  is  opera.,'d  with  a  finger  switch  so  that- 
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THREACHN  UNITS 
FOR  SUBMiNIATURE 
SOLDERING 


DESOLDERING  UNITS 


Figure  5-8.-Pen€ii  iron  with  special  tips. 
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the  gun  beats  onKy  while  the  switch  is  depressed. 

Since  the  gipf  normally  operates  only  for 
short  periods  at  a  tirne,  it  is  comparatively  easy 
to  keep  clean  and  well  tinned;  thus,  little 
oxidation  is  allowed  to  form.  On  the  other  hand, 
however,  the  tip  is  made  of  pure  copper,  and  is 
susceptible  to  pitting  which  results  from  the 
dissolving  action  of  the  solder.  Offsetting  this 
disadvantage,  however,  is  the  low  cost  of 
replacement  tips. 

Tinning  of  the  work  is  always  desirable  unless 
it  has  already  been  done.  The  gun  or  iron  should 
always  be  kept  tinned  in  order  to  permit  oroper 
heat  transfer  to  the  work  to  be  scJ^red.^ 
Tinning  also  provides  adequate  control  of  the 
heat  to  prevent  thermal  spillover  to  nearby 
materials.  Tinning  of  the  tip  ot  a  gun  may  be 
somewhat  more  difficult  than  tinning  the  tip  of 
an  iron.  Maintaining  the  proper  tinning  on  either 
type,  however,  may  be  made  easier  by  tinning 
,^with  silver  solder.  The  temperature  at  which  the 
'bond  is  formed  between-  the  copper  tip  and  the 
silver  solder  is  considerably  higher  than  with 
lead-tin  solder.  This  tends  to  decrease  the  pitting 
action  of  the  solder  on  the  copper  tip. 

Pitting  of  the  tip  indicates  the  need  for 
retinning,  after  first  filing  away  a  portion  or  the 
tip.  Retinning  too  often  results  in  using  up  tl^e 
tip  too  fast., 
Overheating  can  easily  occur  when  using  the 


gun  to  solder  delicate  wiring  or  printed  circuits. 
With  practice,  however,  the  heat  can  be  accu- 
rately controlled  by  pulsing  the  gun  on  and  off 
with  its  trigger..  For  most  jobs,  even  the  LOW 
position  of  the  trigger  overheats  the  gun  after  10 
seconds;  the  HIGH  position  .is  used  only  for  fast 
heating  and  for  soldering  heavy  connections. 

Heating  and  coolmg  cycles  tend  to  loosen  the 
nuts  or  screws  which  retain  the  replaceable  tips 
on  soldering  irons  or  guns.  When  the  nut  on  a 
gun  is  loosened,  the  resistance  of  the  tip 
connection  increases,  and  the  temperature  of  the 
connection  is  increased.  Continued  loosening 
may  eventually  cause  an  open  circuit.  Therefore, 
the  nut  should  be  tightened  periodically. 


Figure  5-9.-Solduring  gun. 
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COPPER  JAWS  SWEATED 
INTO  AlUGATOR  CUP 


AE.47 

Figure  clamp  type  heat  shunt  in  use. 

To  obtain  best  results  from  a  soldering  gun  or 
iion,  the  tip  must  be  kept  free  of  oxide  and 
scale.  Most  technicians  wipe  the  tip  on  clotli, 
then  file  and  retin  as  necessary, 

A  faster  way  is  the  'damp  sponge''  method.  A 
dampened  cellulose  sponge  is  secured  in  a 
container  such  as  a  soapdish  or  metal  ashtray., 
(The  sponge  is  more  effective  than  the  cloth  in 
keeping  the  tip  clean,  and  presents  no  safety 
problems.)  The  damp  sponge  prevents  the  splat- 
tering that  sometimes  occurs  when  the  heated 
tips  are  wiped  off  in  the  usual  way,  and  aiso 
absorbs  particles  that  may  injure  the  tech- 
nician's face..  The  sponge  eliminates  oxide  and 
scale,  so  filing  and  'retinning  are  kept  to  a 
minimum. 

THERMAL  SHUNT  (HliAT  SINK).- 
Overheating  and  damage  of  miniature  resistors, 
capacitors,  transistors,  etc.,  can  often  be  avoided 
by  restricting  the  conduction  of  heat  to  the 
metal  leads  and  preventing  it  from  flowmg  into 
the^  body  of  the  part  during  the  soldering 
Djrocess;  This  can  be  accomplished  by  using  a 
^ermal  shunt  (heat  sink).  The  term  **slumr  as 
/  used  here,  is  not  intended  to  imply  that  the  heat 
returns  to  the  lead  at  some  other  point  in  the 
same  way  ,that  current  does  when  using  an 
electrical  sh^int.  The  heat  is  dissipated  into  the 
surrounding  air  when  using  a  thermal  shunt.  The 
point  is,  much  of  the  herit  is  turned  aside 
(shunted)  and  is  not  allowed  to  enter  the  part. 

A  simple  and  frequently  used  method  of 
provic<»n<5  a  tiiernial  shunt  is  to  grip  the  lead 
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between  the  body  of  the  miniature  part  and  the 
terminal  with  a  pair  of  long-nosed  pliers.  The 
metal  jaws  form  a  low-resistance  heat  path 
which,  funnels  the  flow  of  heat  away  from  the 
part..  This  method  has  certain  disadvantages;  it  is 
awkward  to  solder  with  one  hand  and,  even 
more  important,  the  technician  may  have  a 
tendency  to  release  the  pliers  upon  removing  the 
soldering  iron  and  permit  an  unrestricted  flow  of 
heat  into  the  part  from  the  still  molten  solder. 
Also,  steel  pliers  do  not  possess  the  degree  of 
heat  conductivity  required  for  effective  shunting 
or  full  protection  against  damage., 

A  more  effective  heat  shunt  is  provided  by  a 
clamp,  made  of  copper,  which^wm  be  left 
attached  to  the  lead  until  the  joint  cools,  A  good 
clamp  shunt  can  be  made  easily  by  sweating 
small  copper  bars  into  the  jaws  of  an  ordinary 
alligator  clip.  A  shunt  of  this  type  is  shown  in 
figure  5-10. 

A  clamp  type  heat  shunt  should  be  used  when 
soldering  the  leads  of  small  qapacitors,  resistors, 
transistors,  choke  coils,  etc.  The  clamp  should 
be  placed  near  the  body  of  the  part  and  as  far  as 
possible  from  the  joint  being  soldered.  Care 
should  be  taken  to  avoid  the  formation  of  a 
low-resistance  heat  path  between  the  hot 
soldered  connection  and  the  part.  Do  hot  allow 
the  clamp  to  contact  both.: 

The  effectiveness  of  the  clamp  type  heat 
shunt  can  be  maintained  by  keepmg  the  jaws  flat 
and  free  from  dirt,  grease,  or  soldering  flux  so 
that  a  good  contact  between  the  clamp  and  the 
metal  lead  is  insured.  The  face  of  the  clamp 
tumed'^oward  the  iron  should  be  kept  bright  to 
minimize  heat  transfer  by  radiation,  while  the 
rest  of  the  clamp  body  should  be  dull  black  in 
color..  '  • 

Brush  Contouring  Device 

The  discussion  that  follows  describes  a  brush 
contouring  device  that  can  h%,  issily  cortstruc^ed 
in  most  electrical  work  centers.  If  property  u^d,' 
it  will  injure  proper  bru'sh,seating  aii^d  save  time. 
Should  the  ASE  decide  to  construct  one  ot  tTieie"' 
devices,  he  may  not  want  to  folto^  the  exact 
procedure  outlined  here.  However?  the  info^ 
ma^ion  that  is  given  should  prove  helpful  as  a 
guide. 
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Figure  5-1 1  shows  the  disassembled  parts  that 
are  needed  for  constructing  the  device,  and 
figure  5-12  shows  an  assembled  view  and  how 
the  device  is  used. 

The  following  materials  are  required  for  the 
brush  contouring  device: 

1.  One  piece  of  laminated  plastic  (A),  4  x  6  x 
1/2  inches. 

2.  One  brass  disc  (B),  1  inch  thick,  drilled  in 
the  center  to  receive  a  bolt  for  mounting. 

3.  One  piece  of  angle  aluminum  (C),  I  x  1  x 
2-1/2  inches. 

4.  One  piece  of  1/8-inch  plastic  (D),  2-1/2  x 
3  inches. 

5.  One  bolt  (E),  for  mounting  the  disc,  and 
two  instrument  mounting  screws.  One  of  these 
screws  is  to  be  fitted  with  a  wingnut.. 

Part  (B)  must  be  turned  on  a  lathe  since  its 
diameter  is  critical.  This  part. must  have  the  same 
diameter  as  the  commutator  or  slipring  for 
which  the  btush  is  being  fitted. 

The  fpHowing  steps  should  be  used  when 
contourirtg,brushes; 


(A)  ASSEMBLED 


Figure  5*12.-Brush  contouring 


AS.204 

Figure  5-11. -Parts  required  for  contouring 
device.  r 


(B)  IN  OPERATION 


AS.205 

I.  (A)  AsMmbled;  (B)  in  operation. 
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brush  against  the  angle  aluniinunu  part  IC), 
adjusting  the  angle  until  the  brush  contacts  the 
brass  disc  throughout  its  contoured  surface. 
Lock  part  (C)  with  the  wingnut,  CAUTION:  Use 
only  properly  seated  br\ishes  (that  is,  brushes 
that  have  been  in  use  for  'many  hours  of 
operation)  for  step  2. 

3.  One  person  then  holds  a  strip  of  very  fine 
sandpaper,  I  inch  wide,  on  the  outer  diameter  of 
•  the  brass  disc,  and  pulls  the  ends  alternately 
back  and  forth,  keeping  the  sandpaper  taut.  The 
other  person  holds  a  new  brush  against  part  (C) 
and  pushes  lightly  against  the  sandpaper. until 
the  proper  contour  is  formed  on  the  brush  end. 
NOTE:,  Be  careful  to  keep  the  brush  tight 
against  (C)  during  contouring. 

By  contouring  brushes  with  this  device 
instead  of  letting  them  **break  in"  on  the 
generator,  all  carbon,  dust,  grit,  etc,  (normally 
produced  as  the  new  brush  becomes  seated)  are 
kept  out  of  the  generator.  Moreover,  the  brush 
surface  is  contoured  at  the  correct  angle  with 
respect  to  the  longitudinal  axis  of  the  brush. 
With  the  device,  less  run-in  time  is  required, 
there  is  less  chance  of  generator  failure  due  to 
brushes  heating,  and  excessive  commutator  and 
s!ipring  wear  is  greatly  reduced., 


Qamps  and  Jigs 

In  many  maintenance  operations  (such  as 
fabricating  or  potting  cable  connectors;  repairing 
small  modules,  terminal  strips,  mounting  boards, 
or  printed  circuit  boards;  etc.),  it  is  necessary  to 
provide  a  jig  or  clamp  to  hold  the  component 
while  the  work  is  being  performed,  or  while  the 
potting  compcmd  is  cunng.  The  jigs  may  be 
fabricated  locally  by  cutting  mating  V  notclios 
in  boards  which  are  held  together  by  springs. 
Both  boards  are  positioned  in  channels,  with  one 
board  fixed  and  the  other  adjustable  to  permit 
the  insertion  of  the  component. 

Clamps  are  required  whenever  work  is  to  be 
drilled  or  filed,  or  when  the  component  must  be 
kept  immobile  while  the  work  is  being  done. 
StandandC  clamps  or  bench  vises  may  be 
suitable  for  this  purpose,  or  specially  designated 
equipment  may  be  listed  in  the  tech<iical 
manuals 


TOOLBOXES,  WORK  CENTER  TOOLS 
AND  TOOLROOMS 

One  of  the  first  steps  usually  taken  when  a 
new  man  reports  for  duty  to  the  support 
equipment  work  center  of  an  activity  is  to  issue 
him  an  individual  toolbox:  The  toolbox  should 
contain  the  low-cost,  high-usage  handtools  that 
will  lenable  him  to  perform  the  tasks  assigned. 
The  1  purpose  of  the  indivi.dual  toolbox  is  to 
mak^  the  necessary  tools  for  performance  of 
assigned  maintenance  tasks  immediately  avail- 
able io  the  individual. 

Un\der  the  crew  leader  concept  of  mamte- 
nancel  the  crew  leader's  toolbox  has  the  same 
^ype -tools  as  the  individual  toolbox.  It  is  issued 
to  an  individual  of  a  crew,  and  is  to  be  used  by 
all  members  of  that  crew.  Thus,  the  crew 
leader'l  toolbox  will  have  several  of  the  same 
type  aJid/or  size  tool  while  the  individual  tool- 
box has  oniy  one  or  two.,  j 

Whcit  receiving  a  toolbox,  the  individual  or 
crew  leader  must  sign  for  and  be  responsible  for 
the  toolbox..  It  is-^each  man's  responsibility  to 
take  goAd  care  of  hi^' tools  and  to  u^e  them 
correctly!  When  a  tool  wears  out  or  is  lost  or 
broken,  i  replacement  may  be  obtained  from 
the  toolroom.  But  if  a  man  is  negligent  with  his 
tools,  it  is  very^iikely  disciplinary  action  will  be 
taken  to  correct  his  problem. 

Work  cfenter  tools  are  the  larger,  low-usage, 
and  special  tools  for  use  on  specific  equipments, 
A  work  celnter  tool  bin  is  normally  utilized  to 
make  available  to  the  technician  those  special 
tools  (pertaining  to  the  rate)  and  medium-usage 
tools  needed  to  perform  the  various  phases  of 
work  center\maintenance*However^work  center 
tools  also  ihclude  any  handtools  required  to 
perform  moVe  extensive  maintenance  than  cart 
be  accomplisfied  from  an  individual  toolbox  or  a 
crew  leader'^  toolbox.  To  determine  the  types 
,and  number  bf  work  center  tools  allowed,  refer 
to  the  applicable  allowance  list,: 

The  toolroom  supervisor  has  the  respon- 
sibility for  ain  tools,  including  issuance  of  tools, 
inventory  of  jtoolboxes.  and  ordering  new  tools 
for  replacenii^nt  of  broken  or  lost  tools. 
toolroom  is  up  under  the  responsibility)  of  ' 
the  maintenailce  department.  Its  purpose  i5>/or 
the  stowage  aijid  issuance  of  low-usag6  handtools 
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and  those  tools  which  are  common  to  more  than 
one  work  center.  Cer.ain  special  tools  are  also 
stowed  in  the  toolroo  n. 

The  tools  used  in  an  activity  are  determined 
by  the  mission  of  the  activity  and  the  type  of 
support  equipment  to  be  maintained  Jn  view  of 
this,  there  is  no  hard  and  fast  rule  as  to  the  type 
and/or  number  of  tools  that  may  be  supplied  in 
the  different  toolboxes  and  toolrooms.  The 
quantity  and  types  of  tools  allowed  for  an 
activity  may  be  found  in  the  appropnate 
allowance  list. 

Most  handtools  are  not  feasibly  repairable. 
Due  to  this  fact  and  their  original  low  cost 
(compared  to  v/ork  center  tools),  they  are 
classed  as  consuinable.  However,  the  activity 
must  pay  for  replacements.  Therefore,  it  is  the 
duty  of  each  man  to  help  eliminate  the  need  for 
replacements.  One  method  of  accomplishing  this 
is  by  maintaining  ai  inventory  of  tools  in  each 
toolbox  so  that  upoa  completion  of  a  job  all  of 
the  tools  cart  be  accounted  for.:  A  tool  that  has 
been  lost  represents  a  waste  of  funds:  in  addi- 
tion, it  is  a  definite  liability.  Likewise  operating 
support  equipment  in  which  a  tool  has  been  left 
may  cause  damage  to  the  equipment  and  injury 
r  death  to  personnel. 

The  basic  objective  of  an  inventory  is  to 
insure  a  proper  balance  between  the  supply  of, 
and  the  demand  for,  those  tools  required  for  the 
efficient  operation  and  maintenance  of  a  squad- 
ron or  maintenance  activity.  To  accomplish  this 
objective  it  is  necessary  that  tools  be  identified 
and  cataloged  to  provide  accurate  knowledge  of 
the  toils  being  used..  Each  item  shoulu  be 
accounted  for  by  formal  inventory  every  30  to 
90  days  in  accordance  with  local  instructions. 
The  number  of  handtools  on  hand  in  relation  to 
the  number  required  by  the  activity  should  be 
indicated  by  the  inventory. 

Tools  should!  be  reordered  as  the  inventory"^ 
requirements  dictate  unless  some  unusual 
circumstance  exists.  For  example,  if  a  particular 
tool  is  no  lon.^er  used,  steps  should  be  taken  to 
get  it  removed  from  th^  inventory.  Likewise,  if  a 
particular  iool  is  needed  it  can  be  added  to  the 
inventory.  In  each  of  the  situations,  the  work 
center^  supervisor  ^should  be  made  aware  of  the 
problem  so  that  he  can  go  through  proper 
channels  for  getting  the  inventory  corrected.  If  a 


shortage  of  ^tools  exists  and  lliey  cannot  be 
obtained  fro^lii  the  tooliooni,  inform  the  work 
center  supervisor.  He  in  turn  will  work  with  the 
toolroom  supervisoi  m  obtaining  the  tools 
required.  The  tools  are  to  be  replenished  as  they 
are  needed..  (It  is  unwise  to  wait  until  the 
number  of  tools  needed  is  too  large,  as  it  is 
easier  for  .the  supply  department  to  fill  a  smalL 
order  rather  than  a  large  on^ Tools  are  ordered 
by  reference  to  Consurnable  General  Support 
Equipment  for  All  Types,  Classes,  aiui  Models  of 
Aircraft,  NavAir  00-35QG-01(\ 

HARDWARE  Af^D 
CONSUMABLE  MATERIALS 

Items  of  hardware  ust^^f  when  installing  units 
in  support  equipmenufre  specified  in  the  appli- 
cable  Operation,  S^ice  and  Repair  Manual.  In 
all  instances,  th^proper  haidware  should  be 
used;  if  subsh^tion  becomes  necessary,  care 
must  be  taji^en  that  the  substitute  item  is 
satisfactory;;in  all  respects. 

Prior  j/reinstalling  the  removed  hardware,  an 
inspei^n  must  be  made  to  msure  that  it  is  not 
defective  or  damaged.  It  must  also  be  deter- 
mined that  instructions  do  not  forbid  its  reuse. 
Tmn^  and  only  then,  may  the  removed  hardware 
reinstalled. 

,  General  information  regaiding  such  mounting 
^hardware  as  screws,  nuts,  bolts,  washers,  etc.,  is 
included  in  various  Rate  Training  Manuals. 
Structural  Hardware,  NavAir Ol-lA-8,  is  a  valu- 
able ^ource  for  detailed  information. 


SUBSTITUTION  OF  MOUNTING  HARDWARE 

If  the  specified  mounting  hardware  cannot  be 
obtained,  an  installation  may  be  made  using 
suitable  substitute  hardware.  Th'fere  are  several 
publications  such  as  the  Operations  and  Service 
Instructions,  Overhaul  Instructions,  Illustrated' 
Parts  Breakdown,  etc,  thai  may  list  authorized 
substitutes.  If  a  substitute  is  not  listed  the  ASE 
may  have  to  decide  what  can  be  used  and 
the  publication  Structural  Hardware,  NavAir 
OMA-8  will  bejnvaluabic  for  this  purpose.  If 
there  is  any  doubt  about  Ihe  suitability  of  a 
substitute  consult  the  work  center  supervisor. 

When  maKing  hardware  substitutions,  special 
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Table  5-1. -Torque  values  in  pound-inches 


Wrench 
size 
Un.) 

1/4 

5/16 

11/3,2 

3/8  . 

7/16 

1/2 

;9/i6 

'  5/8  - 
'  3/4 

7/8  . 
\  15/16 

1-1/16 

1-1/4 

1-7/16  * 


Standard  nuts,  bolts,  and  screws 


Bolt,  stud,  or 
screw  size 


4-48 
6-40 
8-36 
)  1.0-32 
1/4-28 
5/16-24 
3,^-24 
7/16-20 
1/2-20 
9/16-18 
5/8-18 
3/4-16 
7/8-14 
1-14 


Tension  type  nuts 
AN310and  AN365 


4-5.5  \ 
~'  7.5-11 

12-15 

20-25 

50-70 
100-140 
160-190 
450-500 
480-690 

800-1,000 

\ 

i,ioo-a,3oo 

2,300-2,^00 

2,500-3,000 

\ 

3,700-5,500 

 i-.  r 


Shear  type  nuts 
AN320  and  AN364 


NOTE:  To  convert  to  pound-feet,  divide  pound-inches  by  12. 


attention  must  be  given  to  the  following: 

1.  Corrosion.  The  chemical  or  metallic  com- 
position of  the  hardware  must  be  such  that  its 
use  does  not  contribute  appreciably  to  the 
danger  of  corrosion.  ... 

2.  Strength.  The  strength  of  the  subsUtute 
must  be  the  same,  or, greater  than  the  ones 
prescribed.  (When  determining  the  strength, 
conaderation  should  be  given  to  th^  tensile, 
compression,  and/or  shear  strength,  as  appUcable 
,to  the  specific  use.)  .... 

3.  Size.  SubsUtute  ,bolts  and  screws  should  be 


the  same  size  as  the  prescribed  item.  If  a 
dfetachable  nut  is  to  be  used,  a  different  thread 
i}>ay  be  tolerated;  if  a  threaded  hole  or  jm 
anchor  nut  is  involved,  the  thread  must  be  the 
saV>e  as  the  one  prescribed.  In  aU  cases,  washeis 
mUst  have  the  same  inner  diameter  as  the 
prekcribed  itent,  but  a  different  outer  diameter 
or  thickness  may  sometimes  be  permitted. 

4  ^Length.  Substitute  screws  or  bolts  must 
have  a  length  which  is  sufficient  for  the  particu- 
lar installation,  but  must  not  be  so  long  that 
they  are  in  the  path  of  any  moving  part.  They 
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must  not  be  in  contact  with  otheritems  such  as 
electrical  wiring,  hydraulic  lines,  etc* 

5.  Style.  Most  items  of  mounting  hardware 
are  available  in  various  styles.  It  is  usually  easy 
to  find  screws  and  bolts  which  are  idenrical  in  all 
respects  except  for  the  type  head.  These  parts 
are  usually  to  be  preferred  as  substitutes,  pro- 
vided they  possess  all  required  special  features. 
'  6,  S|>ecial  features.  If  a  bolt  is  to  be  torqued 
to  a  given  value,  a  torque  wrench  which  is  usable 
with  that  type  part  and  which  has  the  proper 
.  torque  range  must  be  available.  If  lockwiring  is. 
required;  the  part  must  have  suitable  provisions. 

7,  Lubrication  or  coating.  If  specific  instruc* 
rions  call  for  lubrication  or  coating  they  must  be 
followed  for  the  substitute  as  well  as  for  the 
prescribed  hardware. 

TORQUE  INFORMATION 

The  torque  table  (table- S-1)  may  be  used  as  a 
guide  in  tightening  nuts,  bolts,  and  screws 
whenever  specific  toique  values  are  not  specified 
in  maintenaii^  procedures.  U^ng  the  proper 
torque  allows  the  structure  to  develop  its^^ 
designed  strength  and  greatly  reduces  the  po^^^ 
bility  of  failure  due  to  fatigue. 

Threads  mu;t  be  free  from  grease  or  oil. 
Lubrication  changes  the  torque  value  and  wjill 
result  in  overtorquing. 

When  castellated  nuts  are  used,  they  should 
be  tightened  to  the  lower  torque  limit;  then 
continue  tightening  until  the  cotter  pin  hole  is 
alined  with  slots  in  the  nut.  Do  not  back  off  the 
nut  to  aline  the  hole. 

When  it  is  necessary  to  tighten  from  the 
bolthead,  use  the  high  side  of  the  torque  range. 
If  necessary,  the  maximum  allowable  tightening 
torque  may  be  used. 

When  corrosion^resistant  steel  bolts  are  used, 
they  should  be  lubricated  with  an  antiseize 
compound.  Corrosion-resistant  steel  bolts  and 
nuts  must  be  used  together.  Use  shear  nut 
torque  values  when  tigiitening  these  bolts. 

**TORQ-SET"  SCREWS 

*Tdrq*Set*'  machine  screws  (offset  cross-slot 
drive)  have  recently  begun  to  appear  in  new 
equipment.  The  main  advantage  of  the  newer 


tA)   PHILLIPS  fB)TORQ-5ET 
SCREW  HEAD         SCREW  HEAD 


AE.48 

^    Figure  5*13.-Compartofi  of  Phitt^  and 
Torq-Set  taewheads. 

type  is  that  more  torque  can  be  applied  to  its 
head  while  tightening  or  loosening  than  any 
other  screw  of  comparable  size  and  material 
without  damaging  the  head  of  the  screw. 

Torq-Set  macWne  screws  are  similar  in  appear- 
and e  to  the  mbre  familiar  Phillips  machine 
screws. 

Since  a  Phillips  screwdriver  could  easily 
damage  a  Torq-Set  screwhead,  making  it  diff- 
icult if  not  impossible  to  remove  the  so^ew  even 
if  the  proper  tool  i$  later  used,  maintenance 
personnel  should  be  alerted  to  the  differences. 
(See  fig.  5-13.)  ^^ 

SAFETY  WIRE 

Hardware  such  as  drill-head  bolts,  fillister- 
head  screAvs,  clips,  thumbscrews,  plugs,  and 
similar  items,  are  safetied  with  wire.  Corrosion-  , 
resisting  steel  lockwire  is  usually  used  for  this 
purpose.  Annealed  corrosion-resisting  Wire  is 
also  used  for  specific  applications,  such  as  where 
nonmagnetic  qualities  and  heat  resisting  proper 
ties  are  desired.  For  securing  emergency  devices, 
where  it  is  nece^ary  to  be  able  to  break  shear, 
wire  quickly,  aluminum  or  copper  lockwire  is 
used.  Two  different  methods  of  safety  wiring  are 
discussed  in  chapter  8  of  this  training  manual. 

BONDING  STRAPS  / 

A  bond  is  any  fixed  unipn  existing  between 
two  metallic  objects  to  provide  electrical  con- 
ductivity between  them.  Such  a  union  results 
from  either  phyidcal  contact  between  conductive 
surfaces  of  the  objects  or  from  the  addition  of  a 
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FiguTB  5-14.-Bonding  examplBS, 

firm  electrical  connection  between  them.  Elec- 
trical bonding  is  the  process  of  obtaining  the 
necessary  electrical  conductivity  between  the 
component  metallic  parts*  An  isolated  conduct* 
ing  part  or  object  is  one  that  is  physically 
separated  by  intervening  isolation  from  the 
structure  and  from  other  conductors  which  are 
bonded  to  the  structure. 

A  bonding  connector  provides  the  necessary 
electrical  conductivity  between  metallic  parts 
not  in  sufficient  electrical  contact.  Examples  of 
bonding  connectors  are  bonding  jumpers  and 
bonding  clamps.  (See  fig,  5-14.) 


Self-tapping  screws  should  not  be  used  for 
bonding  purposes  nor  should  jumpers  be 
fastened  through  plywood  or  other  nonmetallic 
material.  When  performing  a  bonding  operation, 
the  contact  surfaces  should  be  cleaned  of  insu- 
lating finishes  or  surface  films  before  assembly, 
and  then  the  completed  as^mbly  rcfinished 
with  a  suitable  protective  finish. 

Consult  Installation  Practices  for  Aircraft 
Electric   andf   Electronic  Wiring,  NavAir 
01-lA-SOS,  for  detailed  information  dealing 
with  bonding. 
SHOCK  MOUNTS 

Some  etectrical/electronic  equipment  is  sensi- 
tive to  mechanical  shock  and  vibration;  there- 
fore, units  of  electrical/electronic  equipment  are 
normally  shock  mounted  to  provide  some  pro- 
tection  against  vibration  and  ^ock.  The  speHfic 
type  shock  mount  is  prescribed  in  the  applicabte 
manual  for  the  specific  equipment,  and  substi- 
tution should  not  be  made. 

Periodic  inspection  of  shock  mounts  is 
required,  and  defective  mounts  should  be -  re- 
placed with  the  prescribed  type.  In  the  in- 
spection, the  main  factors  are  diemical  deterio* 
ration  of  the  shock  absorbing  material,  stiff ne^ 
and  regency  of  the  material,  and  overall 
rigidity  of  the  mount.  If  the  mount  is  too 
stiff  or  too  rigid,  it  may  not  provide  adequate 
protection;  if  it  is  not  stiff  or  rigid  enou^,  it 
may  permit  prolonged  vibration  following  an 
initial  shock.  When  determining  the  limits  of 
rigidity  and  resiliency,  consideration  mmt  be 
given  to  the  weight  of  the  mounted  unit  as  well 
as  the  amount  of  vibration  or  ^ock  to  which  it 
is  subjected. 

Shock  absorbing  materials  commonly  used  in 
"^hock  mounts  are  usually  electrical  insulators. 
For  the  sake  of  safety,  it  is  required  that  each 
electrical/electronic  unit  mounted  in  .^s  man- 
ner  must  be  electrically  bonded  to  a  structural 
member.  (See  fig.  5-14.)  The  bonding  sfrap 
should  also  be  included  in  the  in^>ection  of  the 
shock  mounts,  and  defective  or  ineffective 
bonds  should  be  repriced  or.  reinstalled 

CABLE  CLAMPS 

Clamps  are  used  to  provide  support  for  open 
wiring,  and  to  serve  instead  of  (or  m  addition  to) 
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lacing  on  open  wiring.  They  are  usually  supplied 
with^  rubber  cushion.  When  used  with  shielded 
conduit,  the  clamps  are  of  the  bonded  type  (fig. 
S-IS  (A));  that  is,  provision  is  made  for  electrical 
contact  between  the  clamp  and  conduit.  Un- 
bolfded  clips  are  used  forV the. support  of  open 
wiring. 

Long  runs  of  cable  between  panels  are  sup- 
pwted  either  by  a  strap  type  clamp,  shown  in 

,  (B)  of  figure  5-15,  or  by  a  clamp  of  the  type 
shown  in  (C)  of  the  saine  figure.  The  preferred 
method  of  supporting  cables  for  all  types  of  runs 
k  with  the  type  showii  in  (C).  When  strap  type 
clamps  ^  used,  precauti(His  must  be  exercised 
to  insure  that  they  will  hold  the  cables  firmly 
away  from  lines,  operating  controls,  and  all 

^  movable  parts. 


WIRE 

Although  modem  technical  literature  has 
been  emphasizing  the  use  of  printed  circuits  and 
microelectronic  components  in  contemporary 
efectrical/electronic  equipment,  wire  is  still  inh 
pOTtaht  dB  a  jdgnal-carrying  or  current*parrying 
device.  Therefore,  as  a  signific^t  part  of 
operating  ,  equipment,  wire  does  deserve  appro- 
priate coverage. 

Since  most  support  equipment  is  of  coiv-  . 
ventio^al  construction,  the  traditional  wire  con- 
ductors are  stiO  in  use  and  probably  will 
continue  to  be  for  some  time  to  come.  There- 
fore, the  ASE  will  ^be  required  to  order  wire 
through  the  supply  system.  If  the  wire  is  of  a 
special  type,  very  difficult  to  make  up  (install 
terminals  and  other  types  of  connectors  on  the 
wire),  etc.,  it  may  be  obtained  completely 
assembled  and  ready  to  install  on  the  equip- 
ment. When  the  task  of  making  up  the  wiring  or 
wiring  harness  is  within  the  capabilities  of  the 

Siaintenan^  activity,  the  ASE  will  have  to 
btain  the  materials  and  perform  this  task. 
Information  on  the  wire  and  materials  can 
normally  be  found  in  the  Illustrated  Parts 
Breakdown  but  in  some  instahoss  it  may  be 
necessary  to  refer  to  the  Operation,  Service  and 
Repair  Instructions  or  Support  Equipment 
Gianges.  Additional  information  on  the  selec- 


AE.e9 

tion  of  wire  is  contained  in  chapter  6  of  thk 
manual.  I 

SOLDER  / 

There  are  two  types  of  solder  which  are 
known  as>3oft  sokler  and  hard  sold^*  They  are 
chussified  according  to  the  material  from  whidi 
they  are  made  and  their  melting  pdnt  (tempera- 
ture). 

Soft  solder  is  a  tin-lead  alloy  and  has  a  low 
melting  pcmit  (428^  F  fm  50  percent  tin  and  50 
percent  lead).  The  thr^  grades  of  soft  solder 
generally  used  f<^  electrical/dectronic  work  are 
40-60,  50-50,  and  6040.  The  first  figure  is  the 
percentage  of  tin;  wbUe  the  other  is  the  per- 
<»ntage  of  lead.  The  higher  the  percentage  of  tin 
content*  the  lower  the  temperature  require^ 
melting.  Also,  the  higher  the  tin  content,  the 
easier  the  flow,  the  less  time  required  to  harden, 
and  generally  the  easier  it  is  to  do  a  good 
soldering  job.  The  40-60  grade  of  solder  is 
generally  used  for  large  wires  and  When  a  hi^er 
heat  is  permitted^  the  50*50  grade  is  for  medium 
size  wires  and  medium  heat,  the  60-40  grade  is 
for  small  wire^,  printed  circuits,  etc.  where  a  low 
heat  is  required.  / 
.  Hard  solder  is  made  from  one  of  several 
different  metals  that  have  a  high  melting  point 
( 1 1 50''  to  1400^  F  unless  sonw  other  material  is 
mixed  with  them).  Hard  solder  is  used  when  a 
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Figim  S-16*-Biiie  typ«i  of  loldiriiii  teminal  kigt. 


j<Ant  of.  great  strength  is  required  and  where  a 
high  temperature  is  permitted*  SitveV  is  a  good 
example  of  one  of  the  metals  sometimes  used  on 
electrical  connections. 

FLUXES 

All  common  metals  are  covered  with  a  non- 
metallic  film,  usually  an  oxide  of  the  material^ 
which  prevents  them  from  making  the  intinmte 
cohtsict  so  necessary  for  a  good  electrical  con- 
nection* The  purpose  of  a  flux  is  to  dissol^ 
oxide  on  the  surfaces  to  be  soldered,  not  to 
clean  them*  Flux  cannot  replace  good  cleaning 
methods  in  preparing  surfaces  for  soldering. 
Without  a  dean  intimate  contact,  the  ^Ider 
joint  will  result  in  a  mechanically  weak,  h^ 
resistance  connection. 

Soft  solder  fluxes  are  divided  into  thnse 
general  groups-rosin,  orgsmic,  and  chloric 
(sometimes  called  acid)*  The  residue  from  the 
rosin-bde  flux  is  noncorrosive  and  electrio^ 
nonconductive,  making  it  highly  acceptable  for 
use  on  electrical/electronic  wiring  and  equi^ 
ment.  The  organic  and  chloride  fluxes  aire  higMy 
corrcMive  and  an  invoked  cleaning  process  must 
be  used  for  their  removal;  therefore,  these  fluxes 
'aie  not  used  for  electrical/electronic  appltea- 
tions. 


The^  rosin  type  flux  is  available  in  two 
different  forms.  One  is  a  p^te  that  normally 
comes  in  a  can  or  jar  and  is  to  be  used  with 
either  solid  wire  or  bar  solder.  The  other  is  a 
paste  in  the  hollow  center  of  wire  solder  and  is 
referred  to  as  rosin-core  solder.  The  latter  is  the 
type  primarily  used  in  electrical/electronic 
applications  because  it  is  dasieTto  use  and  obtain 
good  results. 

.  The  hard  sdder  flux  will  usually  be  in  a  paste 
or  liquid  form.  There  are  so  many,  different 
mixtures  to  be  used  with  the  different  hafd 
sdders  th£^t  they  will  not  be  discussed  in  this 
manual. 

TERMINAL  LUGS 

Since  most  wires  are  stranded,  it  is  ned^ssary 
to  use  terminal  lugs  to  hold  the  strands  togeUier 
and  facilitate  fastening  the  wires  to  terminal 
studs.  The  terminals  used  in  electrical*  wiring  are 
either  of  the  sol4ered  or  crimped  type.  Ter- 
minals  used  in  repair  work  must  be  of  the ^ 
and  type*  specified  on  the  electrical  wiring 
diagram  for  the  particular  equipment.  Sddered 
and  crimpeiMype^terminals  may  be  used  inte^ 
changeably  but  both  must  have  the  same'' 
amperage  capacity  <and  the  same  size  hole  in  the 
lug. 

The  increased  use  of  crimp-on  terminals  is 
based  id  a  large  degree  upon  the  limitations  of 
soldered  terminals*  The  quality  of  soldered 
connections  depends  mainly  upon  the  operator's 
skill.  Such  factors  as  temperature,  flux,  cleanli- 
ness, oxides,  and  insulation  damage  due  to  heat 
also  contribute  to  defective  connections  wh^n 
they  are  not  precisely  controlled. 

To  crimp-on  solderiess  terminals  require  rda- 
tively  little  operator  skUl*  Another  advantage  is 
that  the  use  of  a  crimping  tod  eliminates  the 
necessity  df  supplying  power  to  a  soldering  iron. 
This  allows  terminals  to  be  applied  with  a 
minimum  of  time  and  effort.  The  connectiM^ 
are  made  more  rapidly,  are  deaner,  and  are^nore 
uniform.  Due  to  the  pressures  exerted  and 
materials  used,  the  crimped  connection  or  spUce, 
property  made,  has  an  electrical  remstance  that  is 
less  than  that  of  an  equivalent  length  of  wire* 

The  batic  types  of  terminal  luff  are  shown  in 
figure  5  16,  Part  (A)  shows  the  straight  type,  (B) 
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the  right  angle  type,  (C)  the  Hag  type,  and  (D) 
the  splice  type.  There  are  also  variations  of  the^ 
types,  such  as  the  use  of  a  slot  instead  of  a 
terminal  hole,  three- and  four-way  splice  type 

'  connectors,  and  others. 

Since  both  copper  and  aluminum  wiring  are 
used,  both  copper  and  aluminum  terminals  are 
necessary.  Various  size  terminal  or  sUid  holes 
will  be  found  for  each  of  the  different  wire  sizes. 
A  further  refinement  of  the  solderless  terminals 
is  the  insulated  type;  the  barrel  of  the  terminal  is 
enclosed  in  an  insulation  material.  The  insula- 
tion is  compressed  along  with  the  terminal  barrel 
when-ncrimping,  but  is  nqt_damaged-1n  the" 
process.  This  eliminates  the  necessity  of  taping 
or  tying  an  insulating  sleeve  over  the  joint.  An 
insulated  solderless  (crimp  on  type)  terminal  and 
splice  are  shown  in  figure  5-3,  along  with  a 
crimping  tool  which  is  used  for  installation  of 

^  these  type  terminals  and  splices. 

SEAI^ING  (POTTING)  COMPOUND 

« 

In  some  applications  special  environment- 
proof/ electrical  connectors  are  used  on  support 
equipment.  However,  operating  conditions 
sometimes  demand  that  qrdinary  electrical  con- 
nectors, relays,  etc.  .be  given  a  sealing  (moisture- 
proa^ng2_treatme1U.  The  basis  of  this  treatment 
is  the  application  of  a  sealing  (or  potting  as  it  is 
commonly  called)  compound. 

Sealing  reduces  failure  of  electrical  connectors 
and  reinforces  the  wires  at  the  connect  ore 
against  failure  caused  by  vibration  and  lateral 
pressure,  both  of  which  fatigue  the  wire  at  the 
solder  cup. 

The  sealing  compound  also  protects  electrical 
connectors  from  corrosion  and  contamination 
by  excluding  metallic  particles,  moisture,  and 
other  liquids.  As  a  result  of  its  improved 
dielectric  characteristics,  it  reduces  the  possi- 
bility of  arc-over  between  pins  at  the  electrical 
connectors. 

The  sealing  compound  is  provided  in  kit  form 
through  the  normal  supply  channels.  The  kits 
may  contain  just  the  base  material  and  an  ' 
accelerator  (curing  ugent)  which  are  mixed 
together  to  form  the  compound  or  it  may 
contain  ^veral  additional  items  for  mixing  and 
applying  the  compound. 


There  are  several  variations  of  the  two  types 
of  sealing  compounds  that  will  be  discu^d  in 
this  manual.  One  of  the  compounds  consists'^3f  a 
polysulfide  synthetic  rubber  base  and  accel- 
erator and  is  manufactured  according  t6  military 
specification  MIL-S-8516C  and  is  for  use  where 
the  ambient  temperature  does  not  exceed  2b(f 
F.:  The  other  type  of  compound  consists  of  a 
siUcone  rubber  base  and  accelerator  and  is 
manufactured  according  to  military  specification 
MIL-S-23586A  and  is  for  use  where  tfie  ambient 
temperature  exceeds  185**  F  but  does  not 
exceed  450''  F. 

Chapter  8  of.  this  manual  contains  general 
information  on  the  use  of  the  sealing  compound. 
For  reasons  of  safety  and  to  obtain  the  desired 
results  it  is  very  important  that  the  manu- 
facturer's directions  and  safety  precautions  be 
followed  in  detail  for  storing,  mixing,  an^ 
applying  the  compound. 

INSULATING  SLEEVING  ^ 

,  Insulating  sleeving  (commonly  called 
"spaghetti")  is  used  in  electrical/electronic 
maintenance  operations  in  many  maintenance 
activities.  Among  the  operations  involving  use  of 
the  sleeving  are  the  fabrication  of  cable  con- 
nectors, connection  to  relays  and  terminal  strips, 
crimped  or  soldered  tenninal  lugs  or  splices,  tie 
points     terminal  strips  or  terminal  boards,  etc* 

METAL  FASTENERS 

Many  types  of  metal  fasteners,  are  used  to 
secure  cowling,  fairing,  inspection  plates,  and 
access  panels  and  doors.  Therefore,  an  under- 
standing of  their  construction  will  enable  the 
ASE  to  use,  repair,  and  replace  them  property. 
There  are  many  types  of  metal  fasteners  used  in 
support  equipment,  but  for  this  discussion  the 
tumlock  and  threaded  types  are  used  as  repre- 
sentative examples. 

Tumlock  Fasteners 

The  various  stud  assemblies  of  tumlock 
fasteners  are  either  slotted  for  screwdriver  opera- 
tion pr  have  winged  heads  which  are  used  for 
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(B) 

AEJ4 

Figurt  6-17.-(A)  Light  duty  typt  tumlock 
ftMtir.«r;  (B)  poritlve  lock  typt  fiitMitr. 

fastening  and  unfastening.  Figure  5-17  (A) 
shows  a  light  duty  type  which  is  used  on  panels, 


FU0ATIN6  TYPE 


RIGID  TYPE 


AE.7e 

Figiir«  &18.-Fasten6r  rtcifitaGlei. 

junction  box  dobi^,  and  inspection  plates.  Part 
(B)  of  the  figure  shows  a  type  of  fastener  in 
which  a  spring  provides  a  positive  lock  of  the 
fastener. 

Stud  assemblies  are  assembled  at  the  factory 
and  should  not  be  disassembled.  To  install  the 
assembly,  compress  tiie  spring  and  insert  the 
stud  assembly  into  the  grommet  Once  installed 
into  the  grommet,  the  stud  assembly  cannot  be 
removed  unless  the  spriiig  is  again  compressed. 

There  are  various  typSs  of  fastener  recep- 
tacles, Representative  receptacles  are  shown  in 
figures  5-17  (B)  and  5-18.  The  receptacle  shown 
in  figure  5-18.is  designed  in  two  styles-rigid  tfnd 
floating.  The  floating  type  is  the  more  common 
since  it  enables  the  receptacle  to  move  slightly, 
and  therefore  alinement  is  easier.  Jht  recep- 
tacles are  manufactured  from  high-carbon,  heat- 
treated  steel  for  l^ng  dependable  life.  They  are 
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'/ 


AS207 

f\§Ufr%  5-19.-Packiftg  ringil 

riveted  to  the  portion  of  the  equipment  to 
which  the  panel,  door,  or  inspection  plate  is  to 
be  anchored.  The  correct  procedure  for_„the 
.imtaltation  of  fasteners  is  given  in  NavAir 
Ol-IA-8,  section  XI.  A  good  rule  to  folfow  when 
securing  a  panels  inspection  plate,  or  door  is  to 
never  force  the  fastener.  If  it  seems  hard  to 
catch  or  lock,  the  receptacle  may  be  dama^d; 
forcing  may  only  damage  it  more.  Always 
compress  the  spring  or  stud  fully  and  use  an 
even  force.  If  the  stud  does  not  lock,  release  and 
tiim  the  stud  slightly  to  realine.  Always  use  the 
proper  tool  for  lockbtg  the  fasteners. 

NOTE:  Power  tools  are  never  use4-for  locking 
or  unlocking  the  fasteners  previously  discussed. 


Thieaded  Fasteners 

H  Altiiough  rivets  are  used  extendvely  in  con- 
struction of  support  equipment,  many  parts 
require  frequent  dismanUing  or  replacement, 
making  it  more  practical  to  use  some  form  of 
threaded  fastener.  Furthermore,  some  joints 


AS.2e7 

FIgurt  ^20.-(A)*Spirii  Tifkm  backup  ring; 
(B)  O^ringi  In  usa  without  backup  ringi; 
(C)  0*ringi  in  ut*  with  hmtkup  rings. 

require  greater  strength  and  rigidity  than  c^  be 
provided  by  riveting.  Manufacturers  solve  this 
problem  by  using  various  types  of  screws,  bolts, 
and  nuts. 

Bolts  and  screws  are  similar  in  that  both  have 
a  head  at  one  end  and  threads  at  the  other,  but 
there^  several  differences  between  them*  The 
threaded  end  of  a  bolt  is  always  relatively  blunt, 
while  that  of  a  screw  may  be  either  blunt  or 
pointed.  The  threaded  end  of  a  bolt  must  be 
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AS^OB 


Figure  S-21.-0^lfigt  In  optnid  and  unopened 
shlppino/ftocklno  envelopes. 


screwed  into  a  nut,  but  the  threaded  end  of  the 
screw  may  fit  into  a  nut  or  other  female  type 
arrangment,  or  may  fit  directly  into  the  material :i 
bieng  secured.  A  bolt  has  a  fairly  short  threaded 
section  and  comparatively  long  grip  length  (the 
unthreaded  part),  whereas  a  screw  may  have  a 
longer  threaded  section  and  no  clearly  defined 
grip  length.  A  bolt  assembly  is  generally  tight- 
ened by  turning  its  nut,  and  its  head  may  or  may 
not  be  d^ipied  to  be  turned,  while  a  screw  is 
always  designed  to  be  turned  by  its  head. 
Another  minor  but  frequent  difference  between 
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a  screw  and  a  bqlt  is  that  a  screw  is  usually  made 
of  lower  strength  materials. 

SEALS 

The  efficient  operation  of  any  fluid  system 
depends  to  a  great  extent  upon  the  effectiveness 
of  the  seals.  Seals  are  used  for  the  purpose  ot 
preventing  fluid  from  passing  a  certain  point,  as 
well  as  for  keeping  air  and  dirt  out  of  the 
system.  Seals  ate  divided  into  two  classes- 
packings  and  gaskets. 
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Packings  are  made  of  synthetic  or  natural 
rubber.  They  are  generally  used  as  RUNNING 
SEALS;  that  is,  in  units  that  contain  moving 
parts,  such  as  actuating  cylinders,  pumps, 
selector  valves,  etc.  Packing  are  made  in  the 
foitn  of  0-rings,  V-rings,  and  U-rings,  each 
designed  for  a  specific  purpose.  (See  fig.  5-19.) 

0-RING  PACKlNG4:~p-ring  packings  are 
used  for  prei^ting  boUTliilernal^  and  external 
leakage.  This  type  of  packing  ring  seals  effect 
.  tively  in  both  directions,  and  is  thg^  most 
commonly  used  type. 

In  installations  subject  to  pressures  above  * 
1,500  psi,  BACKUP  RINGS  are-used  in  con- 
junction with  O-rings.  Backup  rings  are  usually 
made  of  Teflon  and  are  used  to  prevent  the 
O-rings  from  extruding;  that  is,  backup  rings 
prevent  t^e  0-ring  from  becoming  pinched, 
— sqtieeied  but  of  shape,  twisted,  etc.  Figure  5-20 
illustrates  (A)  a  spiral  Teflon  backup  ring,  (B) 
and  (C)  how  the  Darings  appear'  with  and 
without  the  backup  rings  when  operated  under  a 
3,000  psi  pressure. 

When  an  0*ring  packing  is  to  be  subjected  to 
pressure  from  both  sides,  as  in  actuating 
cylinders,  two  backup  rings,  must  be  used~one 
backup  ring  on  either  side  of  the  Oaring. 

When  an  Goring  is  subject  to  pressure  on  only 
one  side,  a  single  backup  ring  is  generally  used. 
In  this  case  the  backup  ring  is  always,  placed  on 
the  side  of  the  0-ring  away  from  the  pressure. 

The  ASE  should  be  able  to  identify  the 
correct  size  and  type  0-ring  for  different 
ap^^jfions  in  order  to  insure  the  best  possible 

h  The  t^k  of  procuring  and  identifying  the 
correct  seal  can  be  difficult  since  part  numbers 
cannot  be'  put  directly  on  the  seals.  This 
situation  is  further  confused  by  the  fact  that 
there  is  £^ontinual  introduction  of  new  types  of 
.  seals  and  the  obsolescence  of  others. 

Because  of  the  difficaTties  with  color  cpding, 
O-rings  are  made  available  in  individual 
hermetically  sealed  enveloi^s,  labeled  with  all 
pertinent  data.  (See  fig.  5-21.)  It  is  recom- 
mended that  they  be  procured  and  stocked  in 
these  envelopes. 


When  selecting  an  0-ring  for  instailacion, 
information  printed  on  the  envelope  should  be 
carefully  observed.  If  an  O-ring  cannot  be 
positively  identified,  it  should  be  discarded. 

Manufacturers  provide  color  coding  on  some 
O-rings,  but  this  is  not  a  reliable  or  complete 
means,  of  identification.  The  color  coding  sys- 
tem does  not  identify  sizes,  but  only  system  flu- 
id or  vapor  compatibility  and  in'^some  <^ses  the 
manufacturer.  Color  codes  on  O-rings  that  are 
compatible  with  hydrocarbon  fluid  will  always 
contain  blue,  but  may  also  contain  red  or  other 
colors;  Color  codes  on  O-rings  that  are  com- 
patible with  hydrocarbon  fluid  will  always  con- 
tain red,  and  will  never  contain  blue*  A  color 
stripe  around  the  ckcumfereiice  indicates  that 
the  0-ring  is  a  boss  gasket  seal.  The  color  of  the 
stripe  indicates  fluid  compatibility:  red  for  fuel, 
blue  for  hydraulic  fluid. 

The  coding  on  some  rings  is  not  permanent. 
On  others  it  may  be  omitted  due  to  manu- 
facturing difficiilties  or  interference  with  opera- 
tion. Furthermpre,  the  color  coding  system 
pipvides  no  means  to  establish  the  age  of  the 
Oring  or  its  temperature  liinitations.  When^ 
se  ecting  an  Oaring  for  installation  the  basic  part 
ntmber  on  the  sealed  envelop  provides  the 
mpst  reliable  compound  identification. 

/  BACKUP  RINGS.-Backup  rings  are  not  color 
codedM  otherwise  marked  and  must  be  identi- 
fied fr^  package  labels. 

Backi^^  rings  made  of  Teflon  do  not  dete- 
riorate with  age,  are  unaffected"  by  any  system 
fluid"  or  vapor,  and  tolerate  temperature  ex- 
tremes in  excess  of  those  encountered  hi  high- 
pressure  hydraulic  systems.  Their  dash  numbers 
indicate  not  only  their  size  but  also  relate 
directly  to  the  dash  number  of  the  O-ring  for 
which  they  are  dimensionally  suited.  They  are 
procurable  under  a  number  of  basic  part  num- 
bers, biit  they  are  interchangeable;  that  is,  any 
Teflon  backup  ring  may  be  used  to  replace  any 
other  Teflon  backup  ring  if  it  is  of  proper  oyerall 
dimension  to  support  the  applicable  O-ring. 

V-RING  PACKINGS.-V-ring  pacKi^  are  al- 
ways installed  with  the  open  end  of  the  V  facing 
the  pressure  and  are  used  in  piedium  pressure, 
heavy  duty,  double  acting  hydraulic  cylinders, 
such  as  forklift  mast  tilt  cylinders.  Male  and 
female  adapters  are  used  in  conjunction  with 
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V-RIN6  ADAPTERS 


MALE 


FEMALE 


MALE  V-RtNG 
ADAPTER 


ADJUSTMENT  NUTS  SHALL  BE  USED  ^ 
IN  ALL  V-RIN6  INSTALLATIONS 


FEMALE 


FigUr«  S-22.-V-rtng  adapttrs  anc^  V*ring  mstallatlon. 


AS.209 


V-iings  for  reinforcement.  (See  fig.  5-22.)  * 

U-RING  fACKINGS.--U-ring  packings  are 
used  to  prevent  leakage  in  one  direction  only. 
They  are  used  in  brake  assemblies  and  brake 
master  cylinders.  U-rings  are  never  used  where 
high  pressures  will  be  encountered.^ 


\ 


Gaskets 


Gaskets  are  used  as  static  (stationary)  seats. 
Hieir  principal  use  in  fluid  systems  is  around  the 
end  caps  of  cylinders,  valves,  and  other  units. 
Gaskets  must  not  be  compressed  into  threads  or 
against  irregular  or  rough  surfaces  which  would 
cut  or  otherwise  damage  them. 

In  automotive  systems  the  joint  between  the 
cylinder  block  and  cylinder  head  requires  a 
g^ket  which  must  be  able  to  withstand  pressure 


a^d  neat  developed  by  the  cytir^ders.  It  is  liot 
practical  to  machine  the  block  and  head  surfaces 
flat*  a^d  smooth  to  produce  la  tight  joint 
Consequently^  gaskets  are  used,  ilead  gaskets  are 
usually  \nriade  of  thin  soft  metal,  or  asbestos- 
and-metal  sheets,  cut  out  to  cohform  with  the 
head  andyblock. 

Gaskets^  are  also  used  to  seal  joints  betwten 
other  engine  parte,  for  example,  between  the  oil 
pan  and  block  and  between  the  cylinder  block 
and  manifold.  Gaskets  are  made  from  different 
materials  depending  upon  where  it  is  to  be  used; 
steel,  asbestos,  copper,  heavy  paper,  and  cork 
are  a  few  examples  of  gasket  materials.  As  a  rule 
gaskets  can  bemused  only  once.  The  ASE  ^ould 
ccmsult  the  latest  applicable  manual  for  proper 
selection  of  repUcement  gaskets* 
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Althoi^  the  maintenance  of  the  hydraulic 
systems  of  support' equipment  is  the  responsi- 
'  biUty  of  the  ASH,  -and  the  mechanical  u  )d 
engine  section  is  the  responsibility  of  the  ASM, 
the  ASE  must  have  an  understanding  of  the 
unite  which  are  controlled  electrically*  The  ASE 
must  be  able  to  determine  if  the  failure  is 
electrical,  hydraulic,  or  meclianical.  The  value  of 
teamwork  between  the  ASH,  ASM,  and  ASE 
cannot  be  overemphasized. 


SAFETY 

in  the  performance  of  his  normal  duties,  the 
ASE  is  exposed  to  many  poientially  dangerous 
conditions  and  situation^^  Hpwever,  it  is  pebble 
.  for  the  technician  to  comptete  a  full  naval  career 
without  having^  an  accfdent  or  receiving  an 
injury.  Attainment  of  thi^  god  requiinesL  that  he 
be  aware  of  tlie  sources  df  danger,  and  that  he 
remain  (x>nstantly  alert  to  thos^  danger^.  lie 
*  must  take  the  proper  prc^c^uticHis  and  prai^tice 
*the  basic  rules  of  safety.  He  must  be  safjpty 
ccHiscious .  at  all  times,  and  this  safety  con- 
sciousness must  become  second  nature  to  him. 

GENERAL  SAFETY  ^ 

Most  accidents  whidi  occur  can  be  prevented 
.'if  the  full  cooperation  of  personnel  is  gained, 
and  if  care  is  exercised  to  eliminate  unsafe  acts 
and  conditions*  In  the  foUpwing  paragraphs, 
some  general  safety  rules  are^listed.  Th6sc  rules, . 
apply  to  personnel  !in  all  types  of  activities,  and 
each  individual  should  ^rictly  observe  the  fol- 
lowing precautions  as  applicable,  to  hisf  work  or 
duty:  • 

L  Report  any  unsafe  cpncUtion  or  any  equip- 
ment or  material  which  he^xonsiders  to  be 
unsafe.  *\ 

2*  Warn  others  whom  he  bfelieVes  to  be 
endangered  by  known  hazards  or  hy  failure  to 
observe  safety  precautions. 

3..  Wear  or  use  available  protective  clothing  or 
equipment  of  the  type  approved  for  safe  per- 
formance of  his  work  or  duty. 

4.  Report  any  iiuury  or  evidence  of  impaired 
health  occurring  in  the  course  of  work  or  duty. 

5.  Exercise,  ip  the  event  of  any  unforeseen 
'     .  / 
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hazardous  occurrence,  such  reasonable  caution 
as  is  appropriate4<Lthe  situatioiv. 

Wh|^  working  in  a  confined  space,  it  is 
extremeljr'important  to  be  very  cautious.  Many 
personnel  are  unfamiliar  with  the.  hazards, 
associated  ^^tl^  working  in  conflhed  spaces  and 
they  often  take -unnecessary  risks  which  can 
result  in  injury  or  death.  A  confined  space  may 
contain  highly  explotive  gases,  toxic  fumes,  little 
or  no  breathable  oxygen,  toxic  liquids  or  gases 
that  may  be  absorbed  through  the  ^n,  and 
liquids  or  chemicals  that  cause  severe  burr^si, 
rash,  breathing  problems,  etc.  It  is  for  ^he»s 
rei^sons  that  equipment  used  by  persmnetwortc- 
ing  in  confined  spaces  is  a  matter  of  considerable 
importance.  Some  of^  the  items^r^uked  are 
explosion  ahd  shock-i^of  equipment  (lights, 
pumps,  drills,  ventilators,  etc.),  prptective  doth- 
'  ing,  suitable  breathmg  equipment,  etc. 

When  working  in  an  open  area  the  ASE  must 
be  aware  of  ihe  sunroiunltog  iconditicms  and  take 
appropriate  actions;  otheirwise,  what  started  as  a 
!  simple  job  mi^t  turn  into  a  disaster.  There  are 
I  many  instances  on  record  where  a  small  careless 
act  or  two  have  had  such  results. 

Safety  precauticHis/ discussed  herein  are  not 
intended  to  replaceinformation  given  in  instruc- 
tions or  mainten^mce  manuals.  If  at  any  time 
there  is  doubt  as  to  what  steps  and  proo&dures 
to  follow,  consult  your  work  chanter  supervisor. 


Handtools 

To  prevent  tragic  and  unnecessary  damage  to 
equipment,  loss  ^of  human  life,  or  personal 
injury,  it  is  necess^ary  to  develop  and  to  practice 
careful,  safe,  and  \;lean  work  hat^.  All  tools 
and  equipment  used^  should  conform  to  Navy 
standards  as  to  ()Ualiw  and  type,  aj^  should  be 
used\only  in  the*  manner  and  fof:'0^e  purpose 
intended.  All  tools  liK  active  use  should  be 
maintained  ih^good  repair,  and  all  damaged  or 
nonworking  tools  should  be  replac^  through 
supply  channels.  When  a  job  is  completed,  or 
when  work  is  interrupted,  all  tools  shouU  be 
counted  and  returned  to  the  toolt>oxes  or  to  the 
tool  i^e  room.  This  will  eliminate  the  possi- 
bilit^f  gear  adrift  which  may  become  hazards 
to  lining  machinery  and  possibly  to  personnel 
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Portable  Power  Tools 

All  portable  power  tools  should  be  carefully 
inspected  prior  to  use  to  insure  that  they  are 
clean  and  in  a  proper  state  of  repair.  Switches 
f hould  operate  ih  a  normal  mariner,  <x)fds  shoijld 
oe  free  of  defects,  and  the  casings  of  all 
electrically  driven  tools  should  be  properly 
grounded.  When  using  of  preparing  to  use  atiy 
portable  pcjwer  tools,  the  cords,  hoses,  or  cables 
should  not  be  allowed  to  kink,'nor  should  they 
W  left  where  they  may  be  run  over  or  constitute 
a  tripping  nazard.  They  should  not  be  allowed  to 
come  into] contact  with  oil,  grease,  hot  surfaces, 
chemical^,  jor  sharp  objects.  When  damaged,  they 
should  be  replaced,  never  patched  wi^h  tape.  ' 

Sparking  electric  power  toob^r  equipment 
should  never  be  used  in  any  space  where 
/flammable  vapors,  gases,,  liijuids.  or  explosives 
are  susptv^ed.  When  unplugging ^ectrical  tools 
or  equipment  from  receptacles,  first  turn  the 
equipment  off^  then  grasp  the  plug  (not  the 
cord)  to  remove  the  plug  from  the  receptacle. 
Stow  the  tool  in  its  proper  place. 

ELECTRIC  DRILL.--When  using  a  portable^ 
power  drill,  grasp  it  firmly  during  operation  to 
prevent  bucking  or  breaking  loose  with  j^ossible 
injury  to  the  user  or^damag^tg  the  tool  or 
material.^  Use  only  straight,  undamaged,^  and 
properly  sharpened  driU  bits.  Tighten  the  bit^ 
securely  in  the  chuck,  using  the  key  provided 
(never  tighten  the  chupk  with  wrench  or  pliers). 
The  bit  should  be  set  straiglit  and  true  in  the 
chuck  and  the  work  tirmly  clampied.  Whenx 
drilling  metal,  the  work  should  be  mailced  with  a 

Smter  punch  before  beginning  the  dnlling  opera- 
on. 

Wheji  drilling,  never  use  the  hand  to  hold  the 
work  being  drilled  Use  a  vise  or  a  clamp.  The 
'  same  idea  applies  to  work  being  soldered,  filed, 
orsaWed. 

SOLDERING  IRON.-The  soldering  iron  is  a 
fire  hazard  and  a  potential  source  of  b^ms. 
.  Always  assume  that  a  soldering  iron  is  hot;  never 
rest  the  iron  anywhere  but  on  a  metal  surface  or 
rack  provided  fdr  that  purpose.  Keep  ti^e  iron 
holder  in  the  open  to  minimize  the  danger  of 
fire  froifi  accumulated  heat.  Do  no^  swing  ofXt^ . 
the  iron  to  dispose  of  excess  molten  aolder«-A 
drop  may  strike  someone,  or  strike  the  equip- 


ment and  cause  a  short  circuit.  Keep  the  head 
and  hands  away  from  the  hot  end  of  the  irpn; 
hold  s.mrJl  ^Idering  jobs  with  pliers  or  clamps. 
Position  the  ends  of  wires  and  cables  so  that 
they  do  not  endanger  the  face  or  the  eyes;  never 
flip  the  wires  to  remove  excess  solder.  When[ 
cleaning  the.  iron,  place  the  cleaning  rag  (or 
sponge  previously  mentioned)  on  a  suitajb^ 
surface  and  wipe  the  iron  across  it-do  not  hold 
in  the  hand.  Disconnect  the  iron  when  leaving 
the  work,  even  for  a  shor^  time- the  delay  may 
be  longer  than  plr-* 

GROUNDINC    ^    x    .fety  ground,  or  one 
that  is  wired  inco**^  *y,  is  more  dangerous  tHan 

^0  ground  at  all  The  poor  ground  is  dangerous 
because  it  does  not  offer  fuU  protection,  while 
the  user  is  lulled  into  a  false  sense  of  security. 
The  incorrectly  wired  ground  is  a  hazard  because 
one  of  the  line  wires  and  the  safety  ground  are 
transposed,  making  the  shell  of  the  tool  "hot" 
the  instant  the  plug  is  connipcted.  Thus  the 
Unwary  user  is  trapped  unless  by  pure  chance 
the  safety  ground  is  connected  to  the  grounded 
side  of  the  line  on  a  single^phase  grounded 
system,  or  no  grounds  are  present  on  an  un- 
grounded system.*  In  this  instance  the  usct 
4gain  goes  blithely  along  using  the  tool  until  he 
encounters  a  receptacle  which  has  its  wires 
transposed  or  a  g^ouhd  appears  on  the  system. 
Because  th)sre  is  no  absolutely  foolproof  method 
of  insuring  tliat  all  tools  are  safely  grounded 
(and  because  the  tijndency  of  the  average  sailor 
is  to  ignore  the  us^  of  the  grounding  wire),  the 
old  method  of  using  a  separate  external  ground- 
ing wire  has  been  discontinued!  fnstead,  a 
3^wire,  standard,  dolor-coded  cord  with  a 
polarized  plug  and  a  ground  pin  is  requked.  In 
this  manner,  the  safety  ground  is  made  a  part  of 
the  connecting  cord  and  plug.  Since  the  pola- 
rized plug  can  be  connected  only  to  a  mating 
—  receptacle,  the  user  has  no  choice  but  to  use  the 
safety  ground. 

/  All  new  tools,  properly  connected,  use  the 
green  wire  as  the  safety  ground.  This  wire  is 
attached  to  the  metal  c^se  of  the  tool  at  one  end 
and  to  the  polarized  grounding  pin  i'*  the 
connector  at  the  other  end.  It  normally  carries 
no  curren^t,:  but  is  used  only  when  the  *tool 
insulation  f^ls,  in  which  case  it  short  circuits  the 
electricity  around  the  user  to  ground  and  pro- 
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tects  liim  from  shock.  The^gteenlead  must  never 
be  mi^ed  with  the  black  or  wRite^eids  which 
are  the  true  currentTcarrying  conductor^.\^ 

'  Check  the  resistanc^e  of  the  grounding  system 
•••^th  a  low  reading  ohmmeter  to  be  certain  that 
me  grounding  adeq^^^te  (less  than  0.1  ohm  is 
acceptable  .  Resistance  indicates  grea  ^r 
than  0.1  oj         a  separate  ground  sti:ap. 

Some  old  installations  are  ndl  equipped  with 
receptacles  that  will  accept  the  grounding  plug. 
In  this  event,  use  one  of  the  following  methods: 


«     1.  Use  an  adapter  fitting. 


2.  Use  the  old  type  plug  and  bring  the  green 
ground  wire  out  separately. 

3,  Connect  an  independent  safety  ground 
line.  When  using  the  adapter,  be  sure  to  connect 
the  ground  lead  extension  to  a  good  ground.  (Do 
not  use  the  center  screw  .which  holds  the  cover 
plate  on  the  receptacle.)  Where  the  c  separate 
safety  ground  leads  are  externally  conriected  to 
a  ground,  be  certain  to  first  connect  the  ground 
and  then  T)lug  in  the  tool.  Likewise,  when 
disconnecting  the  tool,  first  remove  the  line  plug 
and  then  disconnect  the  safety  ground.  The 
safety  ground  is  always  connected  first  and 
removed  last. 


r 


105 

110 


CHAPTER  6 

DRAljlKINGS,  DIAGRAMS,  AND 
IDENTIFICATION  MARKINGS 


At  the  beginning  of  World  War  |I,  the  tak  of 
maintaining  the  support  equipment  was  irela- 
tively  simpte.  The  aircraft  were  fairly  small  and 
not  very  complex.  Therefore  the  quantity  of 
support  eqiiipment  needed  was  small  and  the 
equiptnent  was  simple.  With  little  study  and 
some  experience,  the  maintenance  man  could 
become  quite  familiar  with  all  the  equipmentV 
used  to  support  his  unit.  The^quipments  were 
not  only  comparatively  simple,  b}xt  similar  in . 
operation,  and  €0,n$|ructed  in  a  manner  which 
allowed  ease  of  inspection  and  repair.  It  was 
posdble  to  service,  maintain,  and  repair  this 
equipment  with  perhaps  only  an  occasional 
reference  to^  rniahuai  or  a  diagram. 

Presently,  however,  this  practice  is  no  longer 
possible.  The  larger,  more  complex  aircraft  of 
today  demand  a  much  greater  quantity  of  more 
complex  equipment  to  support  them*  It  is^Umost 
impossible' for  any  one  persor:  to  be  thoroughly 
familiar  with  all  of  the  various  types  of  equip- 
ment in  present  use;  but  with  a  fairly  good 
background  of  electrical  principles  and  ex- 
perience the  ASE  should  be  able  to  rapidly 
f^iliarize  himself  with  any  specific  equipment. 

In  order  to  become  prbflcient  in  his  rating, 
the.  ASE  must  be  able  to  locate  parts  on  the 
equipment,  trace  circuits,  and  learn  the  opera- 
tion of  various  systems  and  (x>mponents.  Draw- 
ings and  diagrams  are  used  to  make  this  difflcult 
task  much  easier,  because  it  is  very  important 
that  the  ASE  Understands  and  is  capable  of  using 
the  drawing  $nd  diagrams  „provided  for  these 
purposes. 

No  one  particular  type  illustration  is  suitably 
for  all  applications,  so  many  different  types  are 
required.  Scleral  types,  along  with  examples,  are 
discussed  in  this  chapter  to  acquaint  the  ASE 
with  the  different  types  of  drawings  and  dia- 
grams used.  It  should  be  kept  in  mind  that  there 
will  be  variations  within  a  particular  type,  so  the 


illustrations  with  which  the  ASE  comes  in 
contact  may  be  labeled  the  same,  but  may  vary 
somewhat  from  the  examples  shown. 

Additional  information  on  drawings  and  dia- 
grams may  be  found  in  the  Navy  Training 
Manual,  Blueprint  Reading  and  Sketching,  Nav- 
Pers  10077  (Series).  It  is  suggested  that  this 
manual  be  studied  along  with  this  chapter  for  a 
more  complete  understanding. 


DRAWINGS 

Drawings  are  used  extensively  in  the  AS» 
rating.  They  are  found  in  AS  Training  Manuals, 
Illustrated  Parts  Breakdowns,  Maintenancejn- 
structions  Manuals,jOpera<ion  and  Service  In- 
structions, ^Maintenance  Requirements  Cards, 
and^  other  publications.  The  two  most  common 
types  of  drawings-pictorial  and  orthographic- 
are  discussed  in  the  folio wmg  paragraphs. 


PICTORIAL 

I 

Pictorial  drawings  normally  show  objects 
approximately  as  they  appear  to  the  observer. 
They  may  present  details  concerning  the  loca- 
tion, size,  construction,  physical  relationships  of 
size  and  location,  or  parts  arrangement.  They 
appear  throughout  manuals  of  all  types,  and  are 
useful  for  locating  and  identifying  systems, 
inspection,  servicing,  operation,  adjustment, 
calibration,  troubleshooting,  repair,  and  testing 
functions. 

Pictorial  drawings  may.  be  accurately  detailed 
representations,  or  they  may  be  merely  gener- 
alized indications,  depending  on  their  purpose. 

Figure  6-1  is  a  good  example  ofwa  pictorial 
drawing.  This  drawir^g  of  a  pow4r  steering 
system  identifies  and  locates  each  pf  the  com- 
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Figure  6-1.-Pictoriil  drawing* 


ponents  within  the  system.  It  is  therefoie  a 
valuable  aid  in  servicing,  inspecting,  and  troiible- 
shooting  the  system,  and  in  removing  and 
replacing  components  in  the  system* 

Note  how  the  two  power  cylindei^are  draw*. 
A  portion  of  the  outer  wall  of  each  cylinder  is 
cut  out,  allowing  the  cylinder  pistons  to  be  seen* 
This  is  a  commonly  used  method  of  showing  the 


internal  parts  of  components,  mechanisms,  etc., 
and  is  referred  to  as  a  cutaway  view.,  j 


ORTHOGRAPHIC 


/ 


Orthographic  drawings  are  not  as  pdety  used 
in  support  equipment  publications /as  pictorial 
drawings;  however,  the  ASE  should  be  able  to 


FRir 


107 


112 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


AS.211 


Figure  6-2.-Or1l«ogniphip  drawing. 


read  such  drawings.  Orthographic  drawings  are 
used  when  it  is  necessary  to  show  the  exact  size 
and  shape  of  all  the  parts  of  complex  objects.  In 
order  to  do  this,  it  is  usually  necessary  to  show 
two  or  more  views  of  the  object,  .as  seen  from 
different  positions. 

There  are  six  possible  basic  views  of  any 
object  because  all  objects  have  six  sides-front, 
top,  rear,  bottom,  right  side,  and  left  side. 
Hov^ever,  it  is  seldom  necessary  to  show  all 
possible  views  to  illustrate  an  object  clearly,  so 


only  the  views  are  drawn  that  are  necessary  to 
illustrate  the  required  characteristics  of  the 
object.  Two-view  and  three-view  drawings  are 
the  most  common. 

Figure  6-2  is  an  example  of  a  three-view 
orthographic  drawing.  This  drawing  shows  the 
front,  right  sidej^and  top  view  of  a  tow  tractor. 
Note  that  the  right-side  view  is  to  the  ri^t  of 
the  front  view,  and  the  top  view  is  above  the 
side  view.  This  the  n<M*mal  order  of  arrangement 
of  the  views.  Had  t|ie  left-side  view  been  ^own, 
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it  would  have  been  drawn  to  the  left  of  the  front 
view,  and  had  the  bottom  view  been  shown,  it 
would  have  been  placed  below  the  side  view. 

It  should  be  kept  in  mind  that  an  ortho- 
graphic drawing  cannot  be  read  all  at  once  any  ^ 
more  than  a  whole  page  of  print  can  be  read  at  a 
glance.  Both  must  be  read  a  line  at  a  time.  In 
reading  a  drawing,  first  get  a  general  idea  of  the 
object  by  surveying  all  the  views,  then  select  one 
view  for  a  more  careful  study.  By  referring  back 
and  forth  to  adjacent  views,  it  will  be  possible  to 
determine  what  each  line  represents. 

For  a  detailed  discussion  on  reading  ortho- 
graphic drawings,  refer  to  Blueprint  Reading  and 
Sketching,  NavPers  10077-C,  chapters  1  and  2. 


DIAGRAMS 

A  great  deal  Of  the  ASE's  work  involves  the 
use  of  diagrams.  The  diagrams  are  used  in 
troubleshooting,  "^sting,  learning  circuit  or 
system  operation,  leaching,  etc.  An  ASE  that 
uses  the  diagrams  and  test  equipment  as  they 
should  be  used  can  justly  take  pride  in  his  work 
arid  will  definitely  be  an  asset  to  himself  and  his 
outfit 

Symbols  are  used  on  the  diagrams  to  repre- 
sent the  different  items.  Most  of  these  symbols 
can  be  found  in  Appendix  II  of  this  manual.  ^ 
complete  list  of  Graphic  Symbols  for  Electrical 
and  Electronics  Diagrams  can  be  found  in 
MUitary  StandaM,  MIL-STD-15-1  (Series). 

The  most  commonly  used  types  of  diagrams 
are  described  in  the  following  paragraphs. 

WIRING 

,  The  wiring  diagram  presents  detailed  circuitry 
information  on  the  electrical  system.  It  includes 
the  item  numbers,  located  adjacent  to  each  part 
symbol,  and  the  wire  number  or  color  code, 
located  adjacent  to  each  line  representing  a  wire, 
or  within  a  break  in  the  line.  Other  information 
about  the  various  parts  may  be  found  on  the 
diagram  or,  by  using  the  item  number,  the 
information  can  be  found  in  the  Illustrated  Parts 
Breakdown.  Figure  6-3  is  an  example  of  a  wiring 
diagram. 

The  wiring  diagram  shows  in  detail  how  a  wire 


is  rou;.ed  between  components.  Each  segment  of 
the  complete  wire  is  shown,  along  with  its 
identification  number  or  color  code,  as  well  as 
each  plug  or  terminal  strip  used. 

A  master  wiring  diagram  is  a  single  diagram 
that  si^ows  all  the  wiring  in  an  item  of  equip- 
ment. In  some  cases,  these  diagrams  would  be  so 
large  that  their  use  would  be  impractical;  there- 
fore, they  are  broken  down  into  logical  sections, 
such  as  d-c  power  systein,  a-c  power  system, 
lighting  system,  or  individual  circuits. 

By  breaking  a  system  into  individual  circuit 
diagrams,  each  circuit  may  be  presented  in 
greater  detail.  The  increased  detail  provides  for 
easier  circuit  traping,  testing,  and  maintenance. 

The  fHasler  wiring  diagram  is  normally  con- 
sulted when  replacing  sections  .of  firing,  when 
determining  how  the  circuits  are  tied  together, 
and  when  making  drawings  of  system  or  circuit 
wiring  diagrams* 

The  system  or  circuit  wiring  diagram  is 
normally  used  when  testing  or  troubleshooting  a 
circuit.  The  idea  is  to  use  the  smallest  diagram 
tjh'at  provides  the  necessary  information  to  per- 
prm  the  particular  task. 

/schematic 

^  TJie  schematic  diagram  is  usually  very  simple. 
It  is  usually  the  Tirst  diagram  drawn  by  the 
designer  It  denotes  the  scheme  of  things,  which 
is  usually  the  operation  or  layout  of  a  system.  It 
is  not  drawn  to  scale,  and  it  shows  none  of  the 
actual  construction  details  of  the  system,  such  as 
physical  location,  routing,  or  any  other  details 
that  are  not  essential.  (See  fig.  64.) 

It  should  be  noted  that  the  schematic  pertains 
not  only  to  electrical  systems  but  also  to 
electronics,  mechanics,  hydraulics,  etc.  The 
ASE*s  primary  concern  with  schejnatic  diagrams 
is  for  understanding  electrical  system  operation. 
These  diagrams  are  easy  to  use  because  of  their 
simplicity.  Symbols  are  used  to  represent  the 
components. 

The  schematic  diagram  is  not  normally  used 
alone  in  troubleshooting  the  equipment  because 
it  does  not  contain  enough  information,  How- 
ever, it  can  be  used  in  conjunction  with  the 
wiring  diagpms  for  a  better  ^.understanding  of 
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Figure  6-4.-»$cheratic  dia^m. 


system  operation,  which  is  helpful  in  trouble- 
shooting. 


fuel  systems,  hydraulic  systems,  etc.,  or  com- 
binations of  two  or  more  systems. 


ISOMETRIC 

The  isometrie  diagram  shows  an  outline  of  the 
equijpment,  location  of  components,  parts  break- 
dawn,  and  routing  of  wiring,  cables,  and  tubing 
ill  the  equipment.  (See  fig.  6-5.)  Diagrams  of  this 
type  are  easily  read  and  are  used  extensively  in 
such  publications  as  the  Illustrated  Parts  Break- 
down, Maintenance  Instructions  Manual,  Opera* 
tion  and  Service  Instructions,  etc.  These  dia- 
grams are  usjed  extensively  for  illustrating  many 
types  of  systeTns,  including  electrical. 

PICTORIAI;. 

The  pictorial  diagram  shows  either  a  picture 
or  a  pictorial  Sketch  of  an  equipment  or  system 
and  the  conn^tions  between  the  components. 
(See  fig.  6-6.)  These  illustrations  may  show  only 
'  a  few  features  of  the  system  or  many,  depending 
upon  the  purpose.  For  example,  they  may  show 
physical  af^^arance,  arrangement,  location,  re- 
lationship, construction  details,  points  and 
methods  of  connecting  components  and 
systems,  etc.  These  diagrams  are  used  to  show 
electrical  systems,  ignition  systems,  oil  systems, 


BLOCK 

In  the  block  diagram  the  major  components 
of  an  equipment  or  system  are  represented  by 
squares,  rectangles,  or  other  geometric  figures, 
and  normal  order  of  progression  of  flow  is 
presented  by  lines  and  arrowheads  showing 
direction.  (See  fig.  6-7.) 

These  diagrams  are  usually  rather  simple  and 
show  how  the  components  are  connected  in  re- 
lation to  one  another,  the  direction  of  flow,  and 
component  identification.  If  necessary  a  few 
symbols  may  be  used,  values  gWen,  and  signal 
waveforms  shown. 

These  diagrams  are  used  for  electrical  systems, 
fuel  systems,  hydraulic ,  systems,  mechanical 
systems\etc. 


WIRING  AND  FLUID 
LINE  IDENTIFICATION 

Ground  support  equipment  has  to  meet  cer* 
t^n  standards,  but  there  are  .no  $|et  specifi- 
cations or  standards  for  identifying  /the  wiring 
and  fluid  lines  used  in  the  equipment/ The  older, 


ERJC 


111 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


Figure  6-5»«-liometrie  diagram. 


less  complicated  equipment  usually  has  no  mark- 
ings ot  is  poorly  marked*  Iri  the  newer,  more 
complex  or  special  support^  equipment  the  wir- 
ing and  ^uid  lines  are  normally  weU  nuirked* 

Various  methods  of  ^entification  are  used 
and  some  of  these  are  discussed  in  this  section* 
It  should  be  noted,  as/ progress  is  made  in  the 
field  of  support  equipment,  that  the  manu- 
.  factureis  are  tending  to  use  dmilar  or  identical 
methods  of  wiring  and  fluid  line  identification 
for  support  equipment  ^$  that  used  in  the 
aircraft. 

WIRE  AND  CABLE 

An  important  part  of  electrical  maintenance  is 
to  be  abie'  to  select  th;  correct  replacement  wire 
or  cable  for  a  particular  electrical  circuit  that  has 


been  damaged,  or  is  in  need  of  a  replacement 
wire  or  cable  for  whatever  reason.  *  Usually 
enough  informa^tion  can  be  found  in  the  Opera- 
tion and  Servii^  Instructions  Manual  for  making 
the  selection,  wi  some  equipment  the  Illustrated 
Parts  Breakdown  can  be  used  for  this  purpose. 

When  this  information  cannot  be  obtained 
from  these  manuals,  the  ASE  must  use  other 
means  of  determining  the  correct  wire  me  and 
type  of  wire  needed.  Quite  often  the  old  wire 
can  be  used  for  this  purpose.  Some  of  the 
information  can  be  obtained  from  the  markings 
on  the  wire,  or  if  there  are  no  markings  a  wire 
gage  ,  can  be  used  to  determine  the  wire  mzt. 
With  experience  the  ASE  will  be  able  to  deter- 
mine the  type  of  wire  and  Insulation  from  t 
visual  inspection  of  the  wire.  ^ 

When  making  a  comparison  between  solid 


uc 


117 


— '  - 


Chapter      DRAWINGS,  DIAGRAMS,  AND  IDFNTIFICATION^AR|CINGS 


AS.270 


wire  and  strapded  wire  (most  if  nor  all  of  th^ 
wiring  in  support  equipment  will  be  of  the 
stranded  type)  of  the  same  gage  number,  the 
strand^  wire  will  be  slightly  larger  in  diameter 
because  of  the  air  space  betweeixthe  strands.  An 
accurate  comparison  or  measurement  of  the 


wires  can  be  made  using  a  wire  gage  or  a 
micrometer  and  a  wire  table. 

The  wire  gage  shown  in  figure  6^8,  is  used  for 
measuring  the  diameter  of  nonferroui  wires  or 
the  thickness  of  nonferrous  sheet  metal  Utis. 
gdge  is  circular  in  shape  with  cutouts  in  tile 
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FIgura  6-7.--BloGk  diagram. 


outer  perimeter.  Each  cutout  ga^s  a  different 
size  from  number  0  to  number  36.  Examination 
of  the  sage  will  show  that  the  larger  the  ga^ 
numbcf .  the  smaller  the  diameter  or  thickness. 
The  decimal  equivaient  in  inches  for  each  ga^i 
number  is  stamped  on  the  opposite  face  of  the| 
gage.  ' 

To  determine  the  size  of  a  sdid  wire,  remove 
8  small  portion  (approximately  1/4  inch)  of 
insulation  from  the  end  of  the  wire  and  ^pply  a 
wire  gage  as  shown  in  figure  6-8.  Find  the  slot 
that  will  just  pass  the  wire  without  forcinig.  The 


correct  gage  number  can  then  be  read  from  the 
face  of  the  gage  adjacent  to  the  slot  in  which  the 
wire  fits. 

To  determine  the  size  of,  a  stranded  wire 
follow  the  same  procedures  as  used  for  a  solid 
wire,  except  measure  only  one  strand  of  the 
stranded  wire.  Locate  the  size  of  the  single, 
strand  on  a  wire  table  such  as  table  6-1.  Multiply 
the  circular  mil  area  for  that  particular  size  by 
the  total  number  of  strands  in  the  wire.  Now, 
refer  to  the  wire  table  under  circular  mil  area 
and  find  the  value  closest  to  the  product;  read 
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the  gage  number  from  the  center  column.  For 
example,  one  strand  of  a  37-strand  wire  mea- 
sured with  a  wire  gage  is  .0126  inch  in  diameter, 
or  28  gage.  Referring  to  the  wire*  table,  it  is 
found  that  one  strand  has  an  area  of  159.8 
circular  mik  The  circular  mil  area  of  one  strand 
multiplied  by  the  total  number  of  strands 
provides  the  total  circular  mil  area  (159.8  x  37 
5,912.6  circular  mils).  Referring  to  the  wire 
table  it  is  found  that  this  product  comes  closest 
to  the  6^530  circular  mils  listed,  and  by  checking 
the  center  column  the  wire  is  determined  to  be 
I2gdgc. 

The  factors  used  in  determining  correi^  wire 
size,  type  of  wire,  and  insulation  are  explained 
in  Basic  Electricity,  NavPers  10086-B,  and  In- 
stallation Practices  for  Aircraft  Electric  and 
Electronic  Wiring,  NavAir  Ol.lA-505.  The 
applicable  procedures  specifled  in'  the  latter 
manual  apply  also  to  maintenance  of*  support 
equipmei^  used  by  the  Navy;  therefore,  it  is 
important^that  the  ASE  become  familiar  with 
and  follow  those  instructions.  The  information 
^ven  in  these  publications  plus  that  given  in 
Military  Specification  MIL-W-5088  (Scries) 
should  enable  the  ASE  to  make  the  correct 
selection. 

The  data  necessary  to  determine  the  correct 
wire  type,  size,  and  insulation  for  a  given 
application  may  be  summarized  as  follows: 

1.  Particular  circuit  application  (thermo- 
couple, high  resistance,  low  resistance,  etc.). 

2.  Volta^  and  current  required  by  the  load. 

3.  Length  of  wire  required  between  the 
power  source  and  the  load. 

4.  Allowable  power  loss  between  the  power 
source  or  point  of  voltage  regulation  and  the 
load.     -  ^ 

5.  Location  and  environment  of  the  wire 
(temperature,  explosive,  oil,  abrasive,  vibration, 
etc.). 

Table  6-2,  which  shows  the  current-carry iQg 
capacity  of  copper  and  aluminum  wires  and 
cables,  will  be  of  interest  to  the  ASE  in  the 
Election  of. wiring. 

Alphanuinerical  Code 

A  code  consisting  of  a  combination  of  letters 
and  numerals  is  imprinted  on  each  wire  at 


SHEET 
METAL 


WIRE 


AS.272 

Fl0ur«  6^.->/^nirican  Wlr«  Qiigt  for  nmsuring 
nonftrrous  wirt  and  thttt  nwlal. 

prescribed  intervab  along  its  entire  run.  Figure 
6*9  and  its  accompanying  discussion  explain  the 
code  used  in  wiring  installations..  Complete' 
details  may  be  found  in  MIL-W-5088  (Series), 

The  first  character  in  the  code  is  a  prefix 
(numeral),  referred  to  as  the  unit  number.  The 
unit  number  is  used  only  in  those  cases  having 
more  than  one  pven  unit  installed  in  an  identical 
manner  in  the  same  equipment.  The  wiring 
concerned  with  the  first  .such  unit  bears  the 
prefix  1,  and  corresponding  wires  for  the  secdnd 
unit  have  exactly  the  same  designation,  except 
for  the  prefix  2,  etc. 

The  letter  following  the  prefix  number 
identifies  the  circuit  function.  The  ASE  is 
primarily  /concerned  with  function  letters  D, 
E,  L,  P,/V,  and  X.  The  letter  D  denotes 
instruments  other  than  enpne,  E  denotes 
engine  instruments,  L  denotes  lighting,  P 
denote/  d-c  power,  V  denotes  d-c  power,  and 
__d-c^  c^ontrol  of  a^-  systems,  and  X  denotes  a-c 
pow^ 

le  wire  iiumber,  which  follows  the  circuit 
function,  consists  of  one  or  more  digits  and 
differentiates  between  wires  in  a  circuit/circuits. 
A  different  number  is  used  for  wires  not  having 
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± 


Wire  dian^ter  or 
sheet  metal  thickness 
in  inches 


American  wire 
gage  numbers 


Circular  mil 
area  of  round 
material 


.4600 
.4096 
.3648 
.3249 
.2893 
.2576 
.2294 
.2043 
.1820 
.1620 
.1440 
.1285 
.1140 
.1019 
.0910 
.0808 
.0720 
.0640 
.p570 
.0508 
.0450 
.0403 
.0360 
.0319 
.0284 
.0253 
.0225 
.0201 
.0179 
.0159 
.0142 
^0126 
.0112 
.0100 
.0089 
.0079 
.0070 
.0063 
.0056 
.0050 


0000 
000 
00 
0 
1 

.  .  2- 
3 
4 
5 
6 
7 
8 
9 
10 
11 
'^12, 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

II 

tl 
28 
29 
30 
31 
32 
33 
34 
35 
36 


2^1600 
167800 
133100 
105500 
83690 
66370 
,  52640 
41740 
33024 
262$0 
20736 
165ia 
12996\ 
10380  \ 
8281 
6530 
5184 
4107 

-  3249 
4107' 
2025; 
1624 
1296 
1022 
'*810.1. 

642.4 
509.5 
404.0 
320.4 
254.1 
201.5 

-  -159.8^ 

126:? 

I(k).5 
79.7 
63.2 
50.1 
39.7 
31.5 
25.0 
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6-2.--Cumnt-Garryinfl  ctpielty  of  wirti  and  eablts 


Wire  or  cable  size 
(American  Wire  Gage) 


Aluminum 


Copper 


Continuous-duty  curFent-an\peFes 


Single  wire 
in  free  air 


Wires'and  Cables 
in  conduit  or 
bundles 


\ 


8  .. 
6... 
4... 
2... 
1  ... 
0... 
00.. 
000. 
0000 


22.. 
20.. 
18.. 
16.. 
14.. 
12.. 
10.. 
8... 
6... 
4... 

2.:. 
1 ... 

0... 
00.. 
000. 
0000 


11 

16 
2'2 
32 
41 
55 
73 
101 
135 
181 
211 
245 
283 
328 
380 
60 
83 
108 
152 
174 
202 
235 
266 
303 


5 

7.5 

10 

13 

17 

23 

33 

46 
»  60 

80 
100 
125 
150 
175 
200 
225 

36 

SO 

66 

82 
105 
123 
145, 
162 
190 


a  common  tenninal  or  c^ti^tton,  such  as 
through  a  circuit  breaker,  Pitching  device,  load, 
etc.  (See  fig.  6-10.) 

Wires  that  are  segmented  by  the  use  of 
connectors,  terminals,  etc.,  are  given  different 
segment  letters.  Normally,  the  segment  letters 
are  in  alphabetical  sequence  beginning  at  the 
power  source.  Letters  I  and  O  are  not  used 
becaOM  tiiey  could  be  mistaken  for  "one"  and 
"zero." 

The  number  following  the  segment  letter 
identifies  the  ^e  of  the  wire  or  cable. 


The  ground,  phased  or  thermocouple  letter  is 
used  only  \«^en  the  segment  of  wire  pertains  to 
one  of  these  items.  The  ASE  is  primarily 
concerned  with  the  letters  N,  A,  B,  ai^  C,  The 
letter  N  denotes  a  uround  wire;  A,  B,  and  C 
denote  the  t^e  aepante  phases  of  an  power 
supply  or  source. 

The  suffix  letters  are  an  abbreviation  of  the 
material  of  which  the  wire  is  made. 

Reading  the  information  from  the  wire  identi- 
ftcation  code  shown  in  figure  6-9,  the  2  denotes 
it  is  the  second  of  at  least  two  identical  systems 
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^2Pgl5A4N  ALUM  j 


T 

L^^.  SUFFIX  \ 

 GROUND,  PHASE,  OR  THERMOCOUPLE  LETTER 

■  Wme  SIZE  4i»MMiER 

 WIRC'SCeMEIlT^LETTER 

 ,  ^jVlRC  NUMBER 

CIRCUIT  rUNCTlOli 
 ^  UNIT  NUMftER 


ALTERNATE 
METHOD 

2 
P 

2^ 
I 

5 
A 

J. 

U 

M 

1^ 


A&213 


Figurw  M.-Wira  idtntiflct^  ood«. 


in  the  equipment,  the  P  identifies  a  d-c  power 
circuit,  the  215-  denotes  it  is  wire  number  215, 
the  A^sigpriifies  the  first  segment  of  wire  215,  Ac 
N  indicates  it  is  a  ground  wire,  and  ALUM 
denotes  the  wire  is  made  of  aluminum. 

There  is  another  method  of  wire  and  cable 
identification  iimilar  to  the  one 'just  discussed* 
Thib  method  may  use  the  complete  wire  identifi- 
cation coding  or  only  the  wire  number  and 
segment  letter  on  the  wiring  \n  the  equipment 
and  on  the  diagpuns  for  that  equipnwnt.  If  this 
inethod  is  used,  the  Operation  and  Sendee 
Instruction  Manual  will  contain  a  wiring  list 
from  which  these  wire  numbers  can  be  cross- 
referenced  to  obtain  information  on  the  wiring* 
This  list  contains  valuable  information  that  can 
b^  used  in  several  different  ways*  For  example, 
the  wiring  list  may  contain' the,  following: 

i  L  Complete , wire  identification  code,  or  <Mily 
the  wire  numbers  and  segment  letters* 

i  2.  Wire  ga^  size  of  the  wire* 

I  3,  Length  of  the  wire  in  inches* 
4*  Component  and  terminal  from  which  the 
w^  leaves. 

\S.  Component  and  terminal  to  which  the 
wire  is  attached. 


Color  Code 

Most  automotive  vehicle  wiring  is  made  up 
into  a  harness  with  all  leads  coming  out  at  the 
proper  places  and  wjth  the  correct  lengths  to 
connect  to  the  accessories.  This  simplifies  the 
wiring  of  the  automotive  vehicle  and  serves  to 
protect  the  wiring*  To  permit  easy  identification 
of  the  various  leads,  a  color  code  in  the 
insulation  is.  widely  used.  The  ASE  should 
consult  the  applicable  manual  or  handbook  for 
the  pTOi^T  selection  of  wiring  ham^  and  the 
proper  color  code  for  the  vehicle  which  he  is 
maintaining.  A  representative  automotive  color 
code  is 

i.  RED  LEAD-identifies  wires  that  aie  con- 
nected  to  the  battery  and  are  not  fused,  ari^,, 
wiring  between  the  generator  and  regulator,  of 
between  the  ammeter  and  circuit  breaker/fuse* 

2*  RED  LEAD  WltH  YELLOW  TRACER^ 
the  primary  ipiitton  lead* 

3.  RED  LEAD  WITH  BLACK  TRACER- 
between  the  ammeter  and  battery* 

4*  YELLOW  LEAD-hom  and  light  circuits,, 
and  is  fused. 
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5. :  BROWN  LEAD  WITH  BLACK 
TRACER-aUgrotvid  connections  except  battery 
ground.: 

6.  BLACK  LEAD-connects  taillight  to  light 
switch.' 

7.  BLACK  LEAD  WITH  RED  TRACER- 
headlight  circuit  for  Wgh  or  bright  beam. 

8.  GREEN  LEAD-headlight  circuit  for  low 
or  dim  beairt, 

FLUID  LINES 

The  ASE  is  not  responsible  for  the  mainte- 
nance and  repair  of  the  fluid  lines  used  in 
support  equipment,  but  in  order  to  perfonn  his 
wortf  safely  and  intelligently  he  must  have  a 
knowledge  of  fluid  lines. 

Fluid  lines  include  all  piping,  tubing,  and^ 
flexible  hose  used  to  convey  liquids  or  gases. 
Although  pipe  is  used  in  some  applications, 
tubing  and  flexible  hose  are  the  most  commonly 
used  types  of  fluid  lines  in  support  equipment. 

Cod^  and  Symbols 


lOENTIFICATiON  CODING 
AT  START  OF  CIRCUIT 


TBI7 


CHANGE  OF  SEGMENT  IeTTERS 
THROUGH  TERMINAL  BOARD 


CHANGE  OF  SEGMENT  LETTER 
THROUGH  SRtiCE 


CHANGE  OF  SEGMENT  LETTER 
THROUGH  CONNECTOR 


Normally,  no  means  of  identiflcation  is  re- 
quired for  the  fluid  lines  used  in  the  operation 
of  support  equipment.  However,  those  lines  used 
in  the  service  and  test  of  aircraft  systems  and 
cohiponents  are  usually  identified  by  bands  of 
paini,  strips  of  tape,  or  metal  tags  around  the 
line  near  each  fitting.  Various  other  information 
is  also  applied  to  the  lines.  This  identification 
system  is  the  same  as  that  used  in  identification 
of  aircraft  fluid  lines. 

Identification  tapes  are  applied  to  all  lines  less 
thait  4  inches  in  diameter  except  cold  lines,  hot 
lines,  lines  in  oily  environment,  and  lines  ini 
engine  compartments  where  there  is  a  possibility^ 
of  the  tape  being  drawn  into  the  engine  intake. 
In  these  cases,  and  all  others  where  tapes  should 
not  be  used,  painted  identification  is  applied  to 
the  lines. 

Identification  tape  codes  indicate  the  func- 
tion, contents,  hazards,  direction  of  flow,  and 
pressure  in  the  fluid  line.  These  tapes  are  applied 
in  accordance  with  NHL-STD-1247  (Series). 

The  function  of  a  line  is  identified  by  u  >e  of  a 
tape,  approximately  1  inch  wide,  upon  which 
word(s),  color(s),  and  geometric  symbols  are 


o 

< 

5 

iro-, 

o 

CM 
< 
O 

t 

O 

—HOZ 

X 

< 

± 

CHANGE  OF  W*RE  TIMBER 
THROUGH  SWITCHING  DEVICE 


CHANGE  OF  WIRE  NUMBER 
THROUGH  LOAD 


AS.276 

Figurs  6-10.-ExBmpl«  of  wiring  MsntifiGBtion 
codButlliiBtion. 
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FUNCTION 

COLOR 

SYMBOL 

Fuel 

.  B€id  -  . 

Rocket  Oxidizer 

Green,  Gray 

J 

Rocket  Fu$l 

Red,  Gray  ^ 



—S— 

Water  InjectidW 

Red,  Gray,  R^ 

V 

Lu*^*»i  cation 

Yellow 

m 
m 

Hydraulic 

Blue,  Yellow 

Solvent . 

Blue,  Brown 

Pneumatic 

Orange,  Blue 

o 

— 

Instrument  air 

Orange,  Gray 

> 

Coolant 

Blue 

Breathing  Oxygen 

Green 

Air  Conditioning 

Brown,  Gray 

.v; 

Monopr ope 1 1 a n t 

Yellow,  Orange 

T 

Fire  Protection 

Brown 

De«-Icing 

Gray 

A 

Rocket  Catalyst 

Yellow,  Green 

Compressed  gas 

Orange 

Electrical  Conduit 

Brown,  Orange 

Inerting  . 

Orange,  Green 

Figura  6-11.-Functiofwl  idanlHicatlon  taptdati. 


printed.  Functional  identifipation  markings,  as 
provided  in  MIL-STD-1247,  are  the  subject  of 
international  standardization  agreement.  Three- 
fourths  of  the  total  width  on  the  left  side  of  the 
tape  has  a  code  color  or  colors  which  indicate 
one  function  only  per  color  or  colors.  The 
functicm  of  thjs  line  is  also  printed  in  English 
across  the  colored  portion  of  the  tape,  but  even 


a  non-English-speaking  person  can  troublesboc^ 
or  maintain  the  system  if  he  knows  the  code. 
The  righthand  one-fourth  of  the  functional 
identification  tape  contains  a  geometric  lymbd 
which  is  different  for  every  function,  Th»  is  to 
insure  that  all  technicians,  Aether  Engliah- 
speaking  or  not,  even  if  colorblind,  can  posi- 
tively identify  the  line  function  by  means  of  the 
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geometric  design  rather  than  by  the  colorts)  or 
word(s).  Figure  6-11  is  a  listing,  in  tabular  form, 
of  functions  and  their  associated  identification 
media  as  used  on  the  tapes. 

The'identiTication-of-hazards  tape  shows  the 
lizard  associated  with  ttie  contents  of  the  line. 
Tapes  used  to  show  hazards  are  approximately 
one-half  inch  wide,  with  the  abbreviation  of  the 
hazard  contained  in  the  line  printed  across  the 
tape.  There  are  four  general  classes  of  hazards 
found  in  connection  with  fluid  lines. 
.  FLAMMABLE  MATERIAL  (FLAM).-The 
hazard  marking  FLAM  is  used  to  identify  all 
i^iaterials  known  ordinarily  as  flammables  or 
'combustibles. 

TOXIC  AND  POISONOUS  MATERIAL 
(TOXIC),-A  line  identified  by  the  word  TOXIC 
contains  materials  which  are  extremely  hazard- 
ous to  life  or  health. 

,  ANESTHETICS  ^AND  HARMFUL  MATE- 
Rli^LS  (AAHM).-All  materials  productive  of 
anesthetic  vapors,  and  all  liquid  chemicals  and 
compounds  hazardous  to  life  and  property,  but 
not  normally  productive  of  dangerous  quantities 
of  fumes  or  vapors,  are  in  this  jcategory. 

PHYSICALLY  DANGEROUS  MATERIALS 
(PHDAN).-A  line  which  carries  material  which 
is  not  dangerous  within  itself,  but  which  is 
asphyxiating  in  confined  areas  or  which  is 
generally  handled  in  a  dangerous  physical  state 
of  pressure  or  temperature,  is  identified  by  the 
marking  PHDAN. 

Table  6-3  lists  some  of  the  fluids  with  which 
the  ASE  may  be  required  to  work,  and  the 
hazards  associated  with  each. 


Table  &3.-Ha2ards  associatid  with  various  ftuids 


Contents 

Hazard 

Air  (under  pressure) 

PHDAN 

Alcohol 

FLAM 

Carbon  dioxide 

PHDAN 

Freon 

PHOAN 

Gaseous  oxygen 

PHDAN 

Liquid  nitrogen 

-  PHDAN 

Liquid  oxygen 

PHDAN 

LKj  (liquid  petroleum  gas) 

FLAM 

Nitn^en  gas 

PHDAN 

Oils  and  greases 

FLAM 

JP-4 

FLAM 

Trichlor  ethylene 

AAHM 

Flexible  Hose 

Flexible  hose  assemblies,  such  as  rubber  and 
Teflon,  consist  of  lengths  of  hose  that  are 
coupled  with  threaded  end  fittings.  They  are 
divided  into  two  major  groups-high -pressure 
and  low  pressure— according  to  their  application. 

The  specifications  of  a  flexible  hose  may  be 
obtained  by  interpreting  tHe  Icicn'tification  code 
that  is  printed  on  the  hose.  This  identification, 
which  is  a  series  of  dots  and  /dashes,  gives  the 
hose  size,  temperature  range,  and  date  of  manu- 
facture in  quarter  of  year  and  year.  Refer  to 
NWOl-lA-8  for  a  detailed  discussion  of  flexible 
hose  identiflcatipn. 
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Ground  support  equipment  has  become  as 
important  to  the  assigned  mission  of  naval 
aviation  activities  as  the  aircraft  itself.  Many 
different  types  of  support  equipment  3:c  re- 
quired for  handling,  seryicing,  loading,  testing, 
and  maintaining  aircraft.  The  aircraft  squadrons 
depend  upon  personnel  of  the  Aviation  Support 
Equipment  Technician  rating  for  the  mainte- 
nance of  this  support  equipment. 

The  ASE  should  know  the  types  and  uses  of 
various  equipment  required  for  the  support  of 
naval  aircraft,  and  this  chapter  introduces  some 
representative  items  of  various  types  of  equip- 
ment with  which  the  ASE  may  come  in  contact. 


TYPES  OF  GROUND  SUPPORT  EQUIPMENT 

^  Ground  support  equipment  ii  classified  into  ^ 

four  fnajor  types: 

.   t  Commnn  (general  purpose). 

2.  Peculikr  (special  purpose). 

3.  Standard  (has  government  approved  speci- 
ficatiqns/drawings). 

4.  Developmental  (no  government  approved 
specifications/drawings). 

All  of  the  gfdund  support  equipment  actually 
maintained  by  the  ASE  is  included  within  one  of 
two  types:  common  (geheral  purpose)  and 
peculiar  (special  purpose)*  Within  either  of  thfese 
two  types  there  may  also  exist  the  types  of 
standard  and  developmental.  For  example,  an 
aircraft  tow  tractor  being  used  by  the  Navy  on  a 
limited  basis,  which  has  no  approved  specifi- 
cations or  drawings,  is  deified  as  develop-# 
mental  and,  because  it  is  designed  for  use  with 
many  different  types  of  aircraft,  it  is  also 
included  within  the  common  (general  purpose) 
classification. 


COMMON  (GENERAL  PURPOSE) 

Such  equipment  as  tow  tractors,  mobile  eleo- 
tnc  powerplants,  weapons  loaders,  mobile 
cranes,  hydraulic  test  stands,  air  compressors^ 
mobile  air  conditioners,  steam  cleaners,  gas 
turbine  power  units,  material  handling  equip- 
ment, maintenance  platforms,  and  engine  trailers 
are  included  in  this  category. 

Some  representative  items  of  common  ground 
support  equipment  are  described  in  the  fol- 
lowing paragraphs. 

Tow  Tractors 

The  tow  tractor  Js  the  only  means  of  pro- 
pulaon  for  the  majority  of  aircraft  when  the 
aircraft  is  on  the  ground  and  the  engines  are  not 
running.  Most  present-day  aircraft  are  too  heavy 
and  large  to  be  moved  by  manpower  alone. 

Maneuverability  of  the  tractor  depends  on  ipc 
dimensions  and  turning  radius.  The  smaller  the 
dimensipns  and  turning  radius,  the  more  maMU^ 
verable  the  .  tractor.  The  type  of  transmisaon 
may  also  contribute  to  the  ease  of  handling  of 
the  tracior.  Modem  tow  tractors  usually  employ 
automatic  transmissions  to  provide  a  smoo^er  ^ 
coupling  of  tte  engine  to  the  driving  wheeb. 
Automatic  transmissions  also  free  the  driver 
from  operating  a  clutch  and  allow  hiih  to 
concentrate  more  on  towing  the  aircraft  or 
equipment;  therefore,  a  smoother,  safer  move 
made. 

The  drawbar  pull  is  the  amount  of  force  that 
the  tractor  can  exert  and  is  ^dfled  by  the 
manufacturer.  It  is  computed  for  a  dry  concrete, 
surface  and  takes  into  coiisidcration  mcti  thtnp 
as  type  and  size  of  tires,  tract<»  weight,  ^n^ 
horsepower,  etc.  However,  the  drawbar  pull  of 
any  tractor  is  dependent  on  the  type  and 
condition  of  surface  on  which  it  is  being  used* 
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Figure  7-1  .«-MD-3A  tow  traetor. 


Dr^  concrete  gives  the  most  tractiom,  hence  the 
maximum  drawbar  pull  for  a  given  tractor  is 
available  on  this  surface;  but,  on  a' wet,  fuel- 
soaked  steel  or%ooden  flight  deck,  the  tractive 
force  may  be  almost  nil. 

To  find  the  maximum  aircraft  gross  weight 
that  can  be  safely  towed  with  a  particular  tow 
tractor  oh  dry  concrete,  multiply  the  tractor's 
drawbar  pull  by  10. 

Equipment  for  supplying  electrical  power 
and/or  low/pressure  compre^d  air  for  aircraft 
engine  starting,  servicing,  or  brake  operation 
may  be  installed  on  some  tractors. 

Tow  tractors  are  usually  classified  by  on^  of 
two  designations- the  M  series  and  the  TA  series. 
Some  tractors  may  have  both  designations.  The 
fint  two  letters  of  the  M  series  tractors  do  not 
have  a  standard  meaning.  The  number  in  the  M 
series  is  the  model  number.  If  a  letter  follows 
the  model  number,  it  indicates  the  number  of 
modifications  to  that  model  of  tractor.  An  A 
indicates  the  first  modification,  a  B  indicates  the 
second  modification,  etc.  The  TA  in  the  TA 
scries  stands  for  tractor  Aircraft.  The  numbers 
fallowing  the  TA  indicate  the  first  two  numbers 
of  the  drawbar  pull.  For  example,  the  TA-75 
tractor  has  a  drawbar  pull  of  7,5(M)  pounds; 
applying  the  10  multiple  mentioned  above»  this 
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tractor  can  move  aircraft  up  to  a  gross  weight  of 
75,000  pounds. 

The  ASE  should  be  aware  of  and  keep  in 
mind  that  when  tractors  are  classified  as  a 
certain  type,  it  does  not  mean  they  have  to  be 
exactiy  alike.  The  tractors  can  be  made  by 
different  companies,  look  different,  have  a 
different  arrangement  of  instruments  and  con- 
trols, and  still  be  classified  as  the  same  type  as 
long  as  they  meet  the  Military  Specifications  for 
that  type  of  tractor. 

The  ASE  is  likely  to  come  in  fcontact  ^with 
tractors  other  than  those  discussed  in  this 
chapter;  but  the  thr^e  types  discussed  are  more 
widely  used,  in  the  Navy>  than  any  other  type. 

MD-3  TOW  TRACTOR. -This  tractor  was 
designed /for  use  aboard  aircraft  carriers  and  will 
handle  any  type  of  carrier-based  aircraft.  It  can 
be  configured  as  an  MD-3  (basic  tractor-no  gas 
turbine  power  unit),  MD-3A  (mounts  a 
GTCP-1 00-54  gas  turbine  power  unit),  or  MD-3B 
(mounts  a  GTC-85-72/73  power  unit)^  The 
MD-3A  is  shown  in  figure  7"  1. 

The  gas  turbine  power  unit,  which  is  mounted 
on  the  rear  of  the  tractor,  provides  pneumatic 
power  in  the  form  of  compressed  air  for  the 
operation  of  large  pneum^^  equipment  such  as 
aircraft  main  engine  Starters,  air  conditioning 
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Figure  7-2.-MO-3  imtrunMnt/oontral  pnwi. 


systems,  and  other  types  of  equipment  requiring 
compressed  air  in  large  volume. 

The  'MD-3  tow  tractor  is  a  self-contained  unit 
capable  of  developing  8,500  pounds  of  drawbar 
puU  at  an  approximate  speed  of  1  mph  on  a  dry, 
level  concrete  surface. 

The  main  powerplant  of  the  tractor  is  an 
inUne  horizontal,  four-stroke  cycle,  internal 
combustion  type  diesel  engine.  The  steering 
system  is  hydraulically  assisted,  and  the  service 
brakes  are  assisted  by  compressed  air.  Gross 


weight  of  the  MD-3  tractor  is  12,000  ppund^. 

The  ASE  is  required  to  operate  the  tractors 
when  training  personnel,  in  troubleshooting,  and 
in  testing  after  repairs  have  been  made.  There- 
fore, he  must  be  familiar  with  tte  different 
instruments  and  controls.  Figure  7-2  show  the 
instrument/control  panel,  and  figure  7-3  atowi 
other  controls  of  an.MI>-3  tractor.  The  ojjro- 
tion  of  most  of  the  instruments  is  covered  in 
chapter  1 1  of  this  manual." 

TA-75  TOW  TRACTOR.-This  is  a  gasoline 


(A) 

REVERSE 


NEUTRAL 


DRIVE 
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Figur*  74.-M0-3  eontroto.  (A)  Shift  pttlwn; »)  pwkins  bwke  Imw  opwrtlon. 
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Figure  7-4,-'TA-75  tow  tractor* 


powered  tractor  intended  for  use  on  shore  bases 
as  an  aircraft  towing  and  spotting  vehicle  for 
aircraft  with  gross  weights  up  to  75,000  pounds. 
This  tractor  has  a  drawbar  pull  of  7,500  pounds. 

The  TA-75  (fig.  7-4)  has  provisions  for 
mounting  a  gas  turbine  compressor  or  other 
servidng  equipment*  It  is  equipped  with  an 
automatic  transmisdon  that  has  three  fprward 
speeds  and  one  reverse  speed.  The  speeds  are 
selected  by  a  pushbutton  control  located  on  the,, 
dash  panel  The  tractor  dimensions  aie  J^Yeet 


long,  5  feet  6  inches  wide,  and  3  feet  9  inches 
high.  The  turning  radius  is  4  6  feet.  TTie  gross 
weight  is  10,500  pounds. 

TA-18  TOW  TRACTOR.-^This  is  a  psolinc 
powered  tractor  for  use  on  shore  bases  as  an 
aircraft  towing  and  spotting  vehicle  for.  large 
aircraft.  This  tractor  has  a  drawbar^  puU  of 
18,000  pounds.  ''i 
'  The  TA-18,  shown  in  figure  7-5,  has  an  ' 
automatic  transmission  with  six  forward  speeds . 
and  one  reverse  speed.  The  speed  ranges  aie 


Flfurt  7«5.-t A*18  tow  tractor. 
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AS^IS 

7-6.-TA*18  tfinsmistibn  shift  pattarn. 

selected  by  ^  shift  lever  located  on  top  of  the 
transmission (  cover  The  « transmission  shift 
pattern  is  shown  in  figure  7-6.  The  tractor 
dimensions  4re  14  feet  10  inches  long,  8  feet 


wide,  and  5  feet  7  inches  high.  The  turning 
radius  is  24  feet  10  inches.  The  gross  weight  of 
the  tractor  is  25,800  pounds.  Normally,  the 
driver's  compartment  is  open;  but  if  the  tractor 
is  to  be  used  in  cold  weather,  it  can  be  obtained 
with  a  completely  enclosed  cab.  These  cabs 
couic  equipped  with  windshield  wipers,  heater, 
and  defroster. 


Aircraft  Spotting  Dolly 

Historically,  moven^ent  of  aircraft  on  the 
hangar  decks  of  aircraft  carriers  has  been 
accomplished  by  means  of  a  tow  bar  and 
manpower  or  a  tow  bar  arid  a  tractor.  However, 
as  aircraft  became  larger  and  heavier,  movement 
by  manpower  became  iippractical  and  parking^ 
areas  on  the  hangar  decks  of  carriers  became  too 
crowded  to  use  a  tractor  for  moving  aircraft; 
thus,  the  spotting  dolly  came  into  being. 

Aircraft  spotting  dolly,  model  SD-ID, 
Xfig.  7-?)  can,  while  providing  maximum  maneu- 
verability^ tow,  push,  and  turn  several  types  of 
aircraft  as  effectively  in  congested  areas  as  in  the 
open. 

This  aircraft  spotting  dolly  utilizes  a  3-| 
cylinder,  water  cooled  diesel  engine  to  drives 
hydraulic  pumps  which  provide  (x>wer  for  thef 
lift  arms  and  jthe  hydraulic  drive  motors  in  th^ 
wheels.  The  spotting  dolly  has  a  drawbar«pull  of 
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Figiiri7-7.-AircraftipottingMly,  medtl  SD-1D. 
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Figurt  ^-8.-Aaro  47A 


6,000  pounds  and  a  lifting  capacity  of  16,000 
pounds. 

The  spotting  dolly  is  of  a  low  profile  design, 
29  inches  high,  and  may  be  operated  underneath 
most  aircraft. 

Loading  of  the  spotting  dolly  is  accomplished 
by  enpgement  of  the  lift  arms  with  the  nose- 
wheel  axle  of  the  aircraft.  Several  different  sets 
of  adapter  pins  for  the  lift  arms  are  provided, 
enabling  the  operator  to  engage  and  move  many 
types  of  aircraft.  With  the  nosewheel  engaged 
and  picked  up,  the  dolly  can  be  turned  in  any 
direction,  through  360"*.  with  no  movement  of 
the  aircraft,  because  the  turn  radius  of  the 
spotting  dolly  is  zero  feet  and  the  pivot  point  is 
the  point  on  the  lift  arms  where  the  nosewheel 
axle  is  engaged.  i 


Wetpon9.Loade|r« 

The  spotting  dolly  is  a  3-wheeled  unit,  two  of 
the  wheels^  being  powered  and  the  third  being  d 
freewheeling  swivel  caster.  Control  is  accom- 
plished through  a  single  handle  on  the  end  of  the 
control  arm.  Steering  is  done  by  moving  the 
controtarm  left  or  right;  speed  and  lirection  of 
travelJ^fOTward  or  reverse)  aie«^ntrolled  by 
twiking  the  hand  grip  on  the  efid  of  the  control 
arm.  Lift  arm  control  (spread,  close,  raise, 
lower)  is  done  by  pushbuttons  located  either  on 
the  control  handle  or  on  each  side  of  the 
sp^i^ting  dolly.  The  operator  may  ride  on  the 
operator*s  seat,  or  he  may  swing  the  ^at  out  of 
his  way  and  walk  with  the  unit,  controlling  it 
with  one  hand.  Maximum  speed  is  2  mph  loaded 
and  5  mph  unloaded. 

The  usual  manner  of  loading  an  aircraft  is  to 
lower  and  spread  the  lift  arms,  drive  the  spotting 
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dolly  under  the  aircraft,  close  the  lift  arms  to 
engage  the  adapter  pins  in  the  nosewheel  axle, 
raise  the  lift  arms,  release  the  aircraft *s  brakes, 
and  drive  the  spotting  dolly  in  the  desired 
direction  of  travel.  j 

Aero  47A  Weapons  Loader  | 

The  Aero  47A  Weapons  Loader  Aerial  Stores 
Lift  Truck  (fig.  7-8)  is  designed  primarily  for  use 
by  the  U.S.  Navy  to  transport  and  load  all 
internally  and  externally  carried  weapons 
weighing  up  to  4,000  pounds,  including  pre- 
packaged multiple  bomb  racks,. multiple  ejector 
racks,  and  triple  ejector  racks,  onto  the  various 
shore-based  naval  aircraft.  All  weapons  lifting 
and  manipulation  functions  are  hydraulically 
powered.  The  vehicle  is  equipped  with  a  27.5 
horsepower,  multifuel  burning,  DJ-120  Onan 
engine  which  provides  power  for  mobility  as 
well  as  hydraulic  functions. 

The  Aero  47A  provides  limited  rough  ^^tenain 
and  hi^  flotation  mobility  which  is  controlled 
IB  a  manner  similar  to  conventional  forklift 
trucks.  It  is  equipped  with  hydraulic  powered 
steering  y/hich  provides  a  turning  radius  of 
15  feet.  AH  hydraulic  motions,  including  the  lift 
mechanism,  incorporate  deadman  and  failsafe 
features  which  prevent  movement  of  the  load  in 
the  event  of  mechanical  or  hydraulic  failure.; 

This  loader,  in  naval  shore-based  aircraft 
loading  operations,  provides  for  loading  all 
weapon^,  including  prepackaged  multiple  susr 
pension  racks,  with  a  2-man  crew.  Since  the 
loader  provides  for  transporting  and  handling 
prepackaged  multiple  suspension  racks,  opera- 
tions such  as  individual  weapon  attachment, 
sway  bracing,  fuzing,  attaching  arming  wires, 
and  preliminary  rack  checkout  can  be  performed 
as  prestaging  operations,  and  loading  time  at  the 
'  dircraft  is  reduced  to  an  absolute  minimum. 

The  Aero  47A  has  conventional  automotive 
power  steering  with  a  30**  cramp  angle.  The 
drive  trai  l  consists  of  a  single  disc,  dry  auto- 
motive clutch,  a  standard  3*speed  tran^  .  ssion,  a 
2-speed  transfer  case,  and  a  limited  slip  dif- 
ferent to  insure^  positive  traction.  Braking 
consists  of  a  mechanical  parking  brake  on  the 
rear  wheels,  and  hydraulic  service  brakes  on  the 
rear  wheels  and  on  the  two  inside  front  wheels. 


Mobile  Cranes 

Mobile  cranes  are  used  both  at  shore  stations 
and  aboard  ship.  Those  for  shipboard  use  are 
usually  smaller  and  to*  some  degree  more  maneu- 
verable  than  shore-based  cranes.  The  mobjle 
crane  is  an  emergency  vehicle  primarily  designed 
for  use  in  aircraft  salvage  and  rescue. 

Maximum  performance  of  the  mobile  crane, 
including  its,  operating  equipment,  is  dependent 
upon  the  frequency  and  scope  of  the  mainte- 
nance  rendered,  plus  the  ability  of  the  operator 
to  properly  operate  the  crane.  Personnel  to 
whom  the  crane  is  assigned  should  become 
thoroughly  familiar  with  the  crane*s  technical 
manual  prior  to  actual  operation  of  the  crane. 

The  NS-6p  mobile  crane  (fig.  7-9)  is  designed 
primarily  to  lift  and  carry  crashed  aircraft  on  the 
flight  deck  of  an  aircraft  carrier..  The  crane  is 
equally  suitable  for  similar  duty  on  shore 
stations,  both  for  aircraft  landing  areas  and  for 
paved  or  unpaved  operational  areas. 

The  crane,  a  self-propelled  vehicle,  is  mounted 
on  four  electrically  powered  wheels.  Heavy-duty 
d-c  electric  traction  motors  and  gear  reduction 
units  built  within  the  wheel  hubs  provide  motive 
power  for  the  crane.  Each  wheel  motor  is 
equipped  with  multiple  disc  type  spring-loaded 
brakes  for  emergency  stops  and  parking,  while  a 
regenerative  electrical  braking  system  is  used  for 
operational  deceleration  of  the  crane« 

The  ,hook  motor  also  operates  on  d-c  and, 
because  of  an  electriqal  interiock,  cannot  be 
operated  simultaneously  with  the  wheel  motors, 

A-c  electric  motors,  strategically  located  at 
the  point  of  power  application,  drive  throu^ 
reduction  gear  boxes  to  provide  boom  move- 
ment and  steering.  Each  a-c  motor  is  eqtupped 
with  a  multiple  disc,  spring-loaded  brake  tiiat 
sets  instantly  when  the  motor^s  electoical  power 
is  interrupted,  thus  locking  the  t>oom  in  posi* 
tion.  Restoration  of  the  motor's  electrical  power 
automatically  releases  the  motor  brake* 

Two  generators,  one  a-c  and  one  d-c,  coufded 
directly  to  and  driven  by  a  6-cylinder  diesel  en- 
gine, supply  current  to  the  control  motors  and 
the  wheel  motors.  One  control  handle  (potentio- 
;neter),  located  on  the  operator's  control  panel, 
provides  control  of  the  wheel  motors  or  hook 
motor,  whichever  is  selected  by  the  operator, 


128 


Chapter  7  -  GI^OUND  SUPPORT  EQUIPMENT 


AS217 


Figure  7-9*--MobHt  entm* 


while  frnge^p  switches  on  the  control  panel 
prd^de  onitrol  of  steering  and  boom  move- 
ment. / 

A  remote  control  panel  having  a  2S-foot  cable 
it  stCKn^d  in  a  compartment  on  the  left  side  of 
the  cf:ine*  This  control  panel  kllows  the  operator 
to  maneuver  the  crane  or  to  operate  the  hook 
flMtor>  boom  motor»  and  parking  brakes  from 
my  point'  on  deck  up  to  a  maximum  of  25  feet. 


The  crane  is  capable  of  lifting  and  carrying 
60»000  pounds  with  the  boom  at  its  minimum 
extension.  Unloaded  weight  of  the  crane  is 
125.000  pounds. 

Attached  to  the  front  of  the  crane  is  a 
stationary,  bulldozer  type,  push  plate.  Its  pu^ 
pose  is  to  allow  the  crane  to  push  away  damaged 
aircraft  or  other  material  which  cannot  be 
picked  up  to  clear  the  deck  or  runway. 
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Figure  7  10^-P*36  iirfitid  maint«naiic«  truck. 


An  earlter  version  of  the  crane,  the  NS-50 
(SC-7},  is  <f  uite  similar  to  the  one  just  described. 
The  main  differences  are  the  weight  of  the  crane 
and  its  load  capacjity. 

The  MB-1 A  mobile  crane  '(fig.  7-9)  is  designed 
to  h|ve  good  maneuvcHrabiiity  in  lifting  and 
removing  crashed  aircraft  from  air  station  'run- 
ways and.  surrounding  areas.  The  MB*  I A  is  made 
up  of  a  2-wheeled  prime  mover  attached  to  a 
2-wheeled  crane. 

The  prime  mover  is  powered  by  a  diesel 
engine  driving  through  a  twin-disc  clutch,  a 
S-speed  transmission,  a  high/low-speed  auxiliary 
transmission^  and  a  torque-proportioning  dif- 
ferential. The  auxiliary  transmission  in  com- 
bination with  the  5*speed  transmission  results  in 
10  speeds  forward  and  2  speeds  in  reverse.  The 
wheels  of  the  crane  are  not  powered. 

An  a-c  generator,  driven  from  the  engine 
flywheel,  supplies  current  for  powering  the  hook 
motor,  jib  motor,  boom  motor,  and  steering 
motor.  These  motors  are  controlled  by  flngertip 
switches  located  at  the  operator's  station.  A 
remote  control  box  is  provided  for  controlling 
the  hook,  jib,  and  boom  motors  from  a  position 
near  the  point  of  pickup. 


Air  brakes  are  provided  on  all  four  wheels. 
These  brakes  consist  of  alternate  discs  splined  to 
the  brake  drum  and  brake  hub*  Air  pressure 
directed  to  a  pri§^ure  plate  forces  the  discs 
tc^ether  for  braking.  Springs  are  used  toinove 
the  pressure  plate  to  the  released  position  ^hen 
the  air  is  bled  from  the  brake.  Selector  valves  are 
provided  to  coh^l  the  selection  of  front,  itar, 
or  hnth  brake  sets. 

There  are  three  stations  where  sound-powered 
telephones  may  be  used.  One  station  is  in  the 
cab  by  the  operator,  and  the  others  are  located 
at  the  .  left  ^de  of  the  crane  tongue' and  at  the 
rear  of  the  crane.  To  use,  simply  plug  in  the 
phone  jack  at  one  of  the  station  outlets* 

The  C-25  mobile  crane  (fig*  7-9)  is  a  truck- 
mounted  crane  manufactured  by  Oshkosh  Truck 
Company.  It  has  a  lifting  capacity  of  25  tons, 
has  a  6*wheel  drive,  and  a  top  speed  of  SO  niph. 

Motrile  Electric  Powerplants 
(MEPFS) 

Mobile  electric  powerplants  supply  electrical 
power  for  various  testing  and  checkout  opera- 
tions of  aircraft.  The  MEPP*s  used  today  are 
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designed  for  operation  on  shore  stations  and 
aboard  aircraft  carriers.  On  aircraft  carriers  fhese. 
units  are  usually  of  ^he  mobile  type,  with 
minimum  vehicular  dimensions  and  weight;  they 
are  usually  designed  for  utmost  maneuverability 
and  mobility.  On  shore  stations,  these  units  may 
be  mobile,  or  they  may  Be^  trailer  mounted  and 
require  towing. 

There  are  many  types  of  mobile  powerplants 
in  use.  The  type  used  depemjs  upon  the  type 
aircraft,to  be  serviced. 

A  detailed  description  of  many  of  the  current 
MEPP*s  in  use  is  presented  iiji  chapter  13  of  this 
training  manual. 

P-36  Airfield  Maintenance  Truck 

The  P-36  airfield  maintenance  truck  (fig.  7- 
10)  is  a  gasoline  powered,  platform  type  truck 
capable  of  hauling  load?  up  to  3,600  pounds.  It 
is  designed  for  off-hi^way  use  at  relatively  low 
speeds,  and  is  provided  with  a  hitch  oi^  this  rear 
of  the  vehicle  to  facilitate  towing  of  equipment, 
weighing  up  to  1,500  pounds;  heavier  equipment 
should  be  towed  with  the  appropriate  tow 

tractor.  . 

The- P-36  truck  uses  a  V-type,  4-cyhnder, 
air-cooled  engme.  The  engine  produces  34  horse- 
power at  its  governed  speed  of  2,175  rpm.  The 
vehicle  has  a  dry-disc  type  clutch  and  a  stan- 
dard-shift transmission  with  one  reverse  and  two 
forward  speeds. 


Forklif  t  Trucks 

/The  forklift  truck  (fig.  7-1 1),  usually  referred 
to  as  a  "forklift,"  is  a  much-used  unit  of 
material, handling  equipment.  It  is  a  cantilever 
type  industrial  truck  and,  in  its  various  con- 
figurations, can  be  powered  by  diesel,  gasoline, 
or  electricity,  and  may  have  either  three  or  four 
wheels*  It  contains  a  vertical  set  of  rails  on  the 
front  and  a  hydraulically  powered  carriage 
equipped  with  two  of  more  forks.  The  length 
and  thickness  of  the  forks  vary  between  units  of 
different  loa'd  capacity. 

The  forklift  truck  may  have  either  pneumatic ' 
or  solid  tires,  and  the  drive  wheels  may  be  dual 
or  single,  depending  on  the  load  capacity. 


Fi9ur«  7-11.-Forklift  truck 


Forklift  trucks  are  generally  used  to  handle\ 
palletized  unit  loads,  but  may  also  be  used  to 
handle  boxes  or  containers  equipped  with  skids, 
as  well  as  other  large  containers  and  packages. 
These  loads  may  be  moved  aboard  carriers,  on 
bar^s,  on  piers,  in  warehouses,  or  in  and  around 
freight  terminals. 

Hydraulic  Test  Stands 

Portable  hydraulic  test  stands  provide  a  means 
of  simulating  the  aircraft's  engine^riven  hy- 
draulic pump.  By  connecting  a  test  stand  to  the 
aircraft's  hydraulic  system,  the  various  actuating 
systems  may  be  cycled  without  turning  up  tiie 
aircraft  engine.  The  test  stand  is  connected 
to  the  aircraft  system  at  ground  test,  couplings 
(quick-disconnucts)  provided  onjhe  aircraft 

Portable  hydraulic  tests  stands  may  be  driven 
by  any  one  of  several  means-air  motor,  electric 
motor,  gasoline  engine,  or  diesel  engine.  / 

MODEL  11090C  TEST  STAND.-The 
11090C  (fig.  7-12)  is  ^nanufactured  by  Redco 
(Red  Lion  Cabinet  Company).  It  is  powered  by 
a  6K:ylinaler  gasoline  engine  and  is  equipped  with 
an  electric  starter  plus  a  manual  handcrank. 
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Figure  7*12.-Modtl  11090C  hydraulic  t«it  itand* 


This  unit  is  designed  for  testing,  flushing,  and 
filling  ainii^ft  hydraulic  systems.  It  is  capable  of 
providing  a'  flow  up  to  19  gallo|]is  per  minute 
(gpm)  at  3,400  psi  pressure.  It  can  produce  up 
to  S»000  psi  pressure,  but  with  a  reduced 
volume.  The  hydraulic  pump  is  a  variable  di^. 
pliccmont  typc/^  ---^'^ 

The  Model  1 109(X:U4est"^landis  a  completely 
self-contained  unit.  It  Is  of  rugged  construction, 
is  mountd^l  on  fpur  wheels,  and  has  a  tow  bar 
for  hand  steering  and  for  laovement  with  a 
"  ^^ctor:  Ttie  hose  lines  contained  within  the  unit 
^  ire"  furnished  with  quick-disconnect  couplings 
'  f<»  both  suc^   1  and  pressure  connections  to  the^ 
aircraft. 

MODEL  8-250  TEST  STAND.-The  S-250 
(fig.  7-13>  is  manufactured  by  S?i*ague-  Engi- 
Vieering  Corporation.  Like  the  portable  test 


stand  previously  described,  this  unit  is  designed 
for  flushing,  filling,  or  ground  checking  aircraft 
hydraulic  systems. 

This  test  stand  is  a  3-wheeled  unit,  the  single 
front  wheel  being  ^teerable.  The  inside  of  the 
— cabinet  is  accessible  through  two  front  and  two 
rear  doors. 

The  unit  is  powered  by  a  22G-volt,  40-hp 
motor.  Flow  capacity  is  20  gpm  at  3,000  psi. 
Pressures  up  to  5,000  psi  are  possible,  but  with  a 
decreased  volume. 

MODEL  AHT-6^  TEST  STAND.-The  AHT- 
I  64  is  a  diesel  engine  driven  unit,  manufactured 
by  Liquidonics,  Inc.,  or  by  Sun  Electric  Corp. 
The  model  AllT-64  hydraulic  test  stand  is 
shown  in  figure  7-14, 

This  test  stand  is  designed  to  test,  drain>  flush, 
and  .  ;fill  aircraft  hydraulic  systems.  It  is  de- 


ERLC 


132 


Chapter  7  -  GROUND  SUPPORT  EQUIPMENT 


AS.221 


Figure  7-13.-Modal  &260  hydraulic  tmt  stwid. 


sign^  to  operate  in  the  temperature  range  from 
-20"*  F  to  ^125"*  F  with  a  humidity  as  high  as 
100  percent-  it  will  deliver  a  fluid  volume  of 
20  gpm*  at  a  pressure  of  3,000  psi,  and  up  to 
10  gpm  at  5,000  psi  pressure. 

Another  unit  which  the  ASE  may  come  in 
contact  with  is  the  model  AHT-63  hydraulic  test 
stand.  It,  like  the  model  AHT-64,  is  manu- 
factured by  Liquidonics,  Inc.,  or  by  Sun  Electric 
Corp.  and  is  very  similiar  to  the  model  AHT-64 


in  size,  appearance  and  operation.  Thd  major 
difference  is  thatlKe  model  AHT-63  test  stand  is 
powered  by  a  220/440-volt  electric  motor. 

Air  Compressors 

Air  compressors  supply  air  for  paint  spraying, 
drilling,  sandblasting,  riveting,  etc.  Air  com- 
pressors may  be  of  the  stationary  type  (perma- 
nently mounted  in  hangar  or  shop  spaces)  or  of 
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Figure  7-14.-^al  AHT-64  hydraulic  teit  stMid. 


the  portable  type  (mounted  on  wheels)  and 
easily  moved  to  where  they  are  needed. 

The  stationary  unit  (fig.  7-15)  consists  of  an 
electric  motor,  compressor,  storage  tank,  cen- 
trifugal pressure  release,  pressure  switch,  and 
mounting  pads  on  the  storage  tank.  The 
stationary  units  are  normally  driven  by  an 
electric  motor,  but  in  some  installations  a 
gasoline  or  diesel  engine  is  used. 

The  portable  units  are  normally  driven  by  a 
gasoline  engine,  but  may  be  driven  by  a  diesel 
engine  or  an  electric  motor.  The  portable  unit  in 
figure  7-15  consists  of  an  electric  motor,  com-, 
pressor,  storage  tank,  automatic  unloaw.  ^r 
mechanism,  wheels,  and  handle  for  moving  the 
unit. 


^The  model  P5R  portable  air  compressor 
shoWh  in  figure  7-16  is  powered  by  an  air- 
cooled,  4-cylinder,  V-type,  gasoline  engine.  This 
air  compressor  is  capable  of  continuous  opera* 
tion  at  a  rated  capacity  of  15  cubic,  feet  of  free 
air  per  minute  (cfm)  at  pressures  up  to 
5,000  psig.  The  unit  is  capable  of  meeting  all 
low-pressiu'e  requirements  between  0  and  1,000 
psig  and  high-pressure  air  servicing  between 
1,000  and  5,000  psig. 


Mobile  Air  Conditioners 

Mobile  air  conditioners  are  designed  to  pro- 
vide cooling,  ventilation^  dehumidification,  and 
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fiUration_g£  air  for  electronic  equipment  in 
a^r<;raft  cabins  orcquipmpnt  compartments. 

Although  there  are  various  types  of  mobile  rir! 
conditioners  in  use  by  the  Navy,  they  all  have, 
the  same  operating  principles  and,  basically,  thej 
same  components.  Operation  and  servicing  of; 
mobile  air  conditioners  is  covered  in  chapter  ;5i 
of  this  manual.  The  units  described  here  are! 
representative  of  the  units  the  ASE  is  requiredi 
to  maintain. 

NR-2B.--This  unit  is  a  mobile,  trailer! 
mounted,  electrically  powered,  self-contained  aij/ 
'  conditioner.  (See  fig.  7-17.)  It  requires  /a 
440-volt,  3-phase,  60-Hz  power  supply  and  i.zi  a 
\cooling  capacity  of  7  tons.  The  NR-2B  be 
used  equally  well  for  either  shipboard  o/shore 
station  operations.  ^ 

NR-5C-This  unit  is  a  mobile;'  trailer 
mounted,  electrically  powered,  self-co/tained  air 
conditioner.  (See  fig.  7-18.)  If  /requires  a 
44(^voIt,  3-phase,  6(>-Hz  power  supply  and  has  a 
cooling  capacity  of  22  tons.  The  NR-5C  can  be 
used  lequally  well  for  either  shipboard  or  shore 
station  operations. 

NR- 10. -This  unit  is  a  mobile,  trailer 
mounted,  diesel  engine  pqwered,  self-contained 
.  air  condiiioner.  (See  fig.  7-19.)  It  is  powered  by 
a  6-cyiinder,  liquid  cooled,  turbocharged,  diesel 
engine  and  has  a  cooling  capacity  of  19  tons. 
The  NR-10  is  not  usually  found  aboard  ship 
because  its  height  restricts  movement  among 
closely  spotted  aircraft. 

Motor  Generator  Assemblies 

Motor  generator  assemblies  are  designed  to 
supply  d-c  or  a-c  regulated  power  for  aircraft 
servicing,  component  testing,  and  other  appli- 
cations where  a  low  voltage,  high  current  power 
supply  is  required..  There  are  various,  types  of 
motor  generator  assemblies-sonre  supply  d-c 
power  only,  and  others  furnish  d-c  and  a-c 
,  power..  The  motor  generator  assemblies  are 
usually  portable,  mounted  on  a  dolly  with  either 
three  or  four  wheels.  Ty{)ical  type  motor 
generator  assemblies  are  discussed  in  the  fol- 
lowing paragraphs. 

MODEL  ATE-105  PORTABLE  MOTOR 
GENERATOR  ASSEMBLY. --The  motor  genera- 
tor assembly  shown  jn  figure  7-20  is  of  two- 
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AS^23 

Figure  7*1 5^- Air  compmmsir% 

bearing  construction,  having  a  common  shaft  for 
the  motor  and  generator;  The  a-c  motor  rotor  is 
oveihung  from  an  intermediate  bearing,  and  the 
motor  stator  is  overhung  from  an  intermediate 
housing.  The  motor  stator  and  intermediate  y 
housing  are  secured  to  the  generator  magnet 
frame.  The  intermediate  housing  contains  an 
involute  in  which  the  cooling  fan  operates, 
pulling  air  in  from  both  ends  of  the  set  through 


ERLC 


140 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


ASJ24 


Figura  7-16.-Mod«f  P5R  portalilt  air  comprMor« 


screened  end  covers  and  exhausting  into  the 
center  of  the  control  box. 

The  generator  and  motor  controls  are  housed 
in  a  drip  proof  control  cabinet  mounted  on  top 
of  the  motor  generator.  The  d-c  control  com- 
ponents consist  of  a  voltage  regulator,  reverse 
current  cutbut  and  load  contactor,  voltage  con- 
trol rheostat,  d-c  overload  circuit  breaker,  ON- 


OFF  load  switch,  ammeter  and  ,  shunt,  and 
voltmeter  The  voltmeter  and  ammeter  are 
located  on  a  vertical  hin^d  panel  along  with  the 
manual  control  components.  The  panel,  when 
open,  provides  easy  access  to  aU  d*c  com* 
ponents.  The  across^the-line  magnetic  motor 
starter  and  operating  pushbutton  ate  housed  in 
the  control  cabinet  on  the  motor  end* 
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Figurs  7*17.-NR-2B  mobilt  air  conditioner. 

DUCT  STOf^DON 
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Figure  7-18.<-NR-6C  mobile  eir  conditioner. 
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Fifura  7-20.-ATE-10S  motor  gwwrttor  aaiinbly. 
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ail*  air  oondHioiwr. 

The  motor  generator  set  is  radio-noise  sup- 
pressed. The  output  leads  of  fhe  generator  are 
suppressed  by  feedthrough  capacitors,  and  the 
control  leads  from  the  fields  are  suppressed  by 
feed*through  pi  filters.  A-c  input  leads  from  the 
440-volt  supply  are  connected  to  feedthrough 
capacitors  mounted  to  the  top  of  the  control 
cabinet  directly  abcnre  the  motor  starter.  The 
generator  suppresdon  components  are  mounted 
to  the  ^nerator  magnet  frame  and  are  partially 
enclosed  by  the  sheet  metal  end  cover  of  the 
generator.  The  ratings  of  the  motor  and  genera- 
tor are: 

Generator  Motor 

Voltage:  24-32   220/440 

Amp.  Continuous:  500    60/30 

Amp.  Overload:;  750  Intermittently  3  phase 

60  hertz 

Speed-3,500rpm 
Ambient--40**C 
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MODEL  CDM-15  PORTABLE  MOTOR  GEN- 
ERATOR ASSEMBLY.-rThe  motor  generator 
assembly  shown  in  figure  7-2 1  consists  of  three 
suba^semblies-an  a-c  drive  motor,  a  d-c  genera- 
tor, and  an  a-c  generator.'  These  assemblies  are 
arranged  in  tandem;  the  motor  assembly  being  in 
the  center.  The  extended  ends  of  the  a-c  motor 
serve  as  a  common  shaft  for  the  a-c  and  .d-c 
generators.  The  motor,  which  drives  the  genera- 
tor, receives  its  power  fi'om  a  220/440-volt  a-c, 
60-hertz  source  through  a  10-foot  cable.  The  a-c 
generator  output  is  connected  to  its  external 
load  through  a  rectangular-shaped,  6-conductor, 
20-foot  cable.  The  d-c  generator  output  is 
connected  to  its  external  load  through  an 
oval-shaped,  2-conductor,  30-foot  cable. 

The  control  box  assembly  is  mounted  on  a 
gusset-bracket  constructed  over  the  d-c  genera- 
tor, and  contains  all  the  controls  and  indicators. 
The  front  panel  has  a  d-c  volt-ammeter,  an  a-c 
voltmeter,  an  a-c  ammetei/,  three  circuit  breakers, 
two  adjustment  rheostatslfor  d-o  and  a-c  voltage 
adjustment,  and  three  selector  switches.  i 

Gas  TurUne  Power  Units 

Gas  turbine  power  Ainits  supply  compressed 
air  for  units  or  systems  requiring  air  in  large 
volume,  such  as  airTConditioning  systems,  air- 
craft main  engine  starters,  etc.  They  may  also, 
by  utilizing  reduction  gearing,  drive  generators 
to  provide  electrical  power.  Some  gas  turbine 
'  -units  are  self-contained  while  others  depend 
upon  the  equipment  they  are  mounted  on  for; 
fuel  and  electrical  supplies.  Although  there  are 
ygX^many  types  and  configurations  of  gas  turbine 
power  un*ts,  the  construction  and  operation  are 
basically  the  same  for  all. 

The  NCPP-105,  RCPP-105,  RCPT-105,  and 
GTC-85  are  examples  of  such  units  with  which 
the  ASE  may  come  in  contact.  Chapter  13  of 
this  manual  gives  a  description  of  the  gas  turbine 
used  as  an  MEPP,  and  chapter  14  of  this  manual 
covers  the  operation  and  servicing  of  gas  turbine 
units. 

Trailers  and  Dollies 

Trailers  usually  found  as  part  of  ground 
.  support  equipment  are  special-use,  unpowered, 
three-  or  four-wheeled  vehicles.  They  have  a 


1 
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Figure  7<21-CDM-15  motor  gentrilor  antmbly. 

towing  tongue,  and  the  front  wheels  are  turned 
in  a  manner  similar  to  an  automobile,  or  are  free 
swiveled.  The  wheels  have  either  solid  or 
pneumatic  tires  and  two  or  more  of  the  wheels 
are  equipped  with  brakes  to  permit  the  trailer  to 
be  parked  in  any  desired  position, 

Trailers  with  utility  beds  are  used  to  move 
ordnance  and  miscellaneous  cargo.  Some  equip- 
ment such  as  air  compressors,  air  conditioners, 
engine  preheaters,  gas  turbine  power  units,  and 
preoilers  are  permanently  mounted  on  trailers* 
The  trailer  permits  the  mobility  needed  for  this 
type  of  equipment  without  the  prohibitive  cost 
of  the  engine  and  accessories  that  would  be 
needed  to  make  the  unit  self-propelled. 

Aircraft  engine  service  trailers  are  used  to 
support  aircraft  engines  while  they  are  being 
removed  from  or  installed  in  the  aircraft,  and  to 
transport  the  engines  while  they  are  out  of  the 
aircraft.  Trailers  designed  to  have  equipment 
permanently  mounted  on  thtm  usually  have  the 
equipment  installed  at  time  of  manufacture. 

Dollies  are  usually  constructed  as  a  welded 
steel  platform  and  mounted  on  either  three  or 
four  casters  (wheels).  One  or  more  of  the  wheels 
are  swivel  type  and  at  least  two  of  them  will  be 
equipped  with  parking  brakes.  Tie-down  rings 
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Fioiif#7-22.-^PreMratk>n/da|»re9arvatioii  tnil«r. 
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Figure  7-23.-*NHrogin  ssrvicino  unit  (trailer  mourttad). 

and/or  bridges  are  provided  for  securi|ig  loads  on 
the  ddly  or  securing  the  dolly  on  detek.  Light- 
weutht  dollies  are  used  in  maintenance  shops  for 
transpbrting  components  and  for  mounting 
heavy  equipment  which  requires  mobility,  such 
as  motor  generators  and  air  compressois.  Heavy 
duty  dollies  (crash  dollies)  are  used  for  moving 
extremely  heavy  equipment^  both  aboard  ship 


and  ashore.  Crash  dollies  are  used  aboard  ship  to 
aid  in  moving  damaged  aircraft  and  may  be 
modified  to  meet  the  particular  ^tuation. 
.  PRESERVATION/DEPRESERVATION 
T  R A 1 L E  R ,  -The  preservation/depreservation 
trailer,  figure  7-22,  is  of  welded  steel  con- 
struction and  so  arranged  as  to  be  transportaMe 
by  ship,  cargo  aircraft,  or  helicopter.  Four-wheel 
suspension  is  provided  with  knuclde  type 
steering  on  the  front  wheels  to  provide  maneu- 
verability. Internal  expanding  brakes  are  used  to 
hold  the  trailer  in  position  when  in  use.  A  tow 
bar  is  provided  to  permit  towing  by  other 
vehicles.  All  doors  and  panels  areconstructed  to 
provide  a  weathertight  seal  and  are  arranged  so 
that  the  internal  components  are  readily 
accessible  by  personnel  for  operation,  adjust- 
ment, and  maintenance. 

Two  oil  tanks  are  provided-a  depreservation 
oil  tank  of  20-gallon  working  capacity  and  a 
preservation  oil  tank  of  30^1on  working 
capacity.  Both  tanks  are  provided  with  cleanout 
openings,  drains,  and  filler  necks. 

The  hjhiraulic  system  consists  of  an  electrical- 
ly driven  pump,;  capable  of  deUvering  fluid  at  the  - 
rate  of  3  gpm  against  head  pressures  from  0  to 
250  psi,  and  the  necessary  piping  and  control 
valves 

A  3-phase,  220/440-volt,  60-hertz,  electrical 
system  is  provided  to  operate  the  pump  motor, 
strip  heaters,  and  their  controls.  The  heaters  are 
capable  of  heating  the  oil  tanks  ifrom  0**  to  12r 
C  (32**  to  250'  F)  within  !  hour  i 

NITROGEN  SERVICING  UNIT  (TRAILER 
MOUNTED).-Nitrogen  servicing  units,  similar 
to  the  model  shown  in  figure  7-23,  can  be  found 
at  most  naval  air  stations  and  on  board  aircraft 
carriers.  This  unit  is  designed  to  provide  a 
mobile  source  of  compressed  nitrogen  for  ser- 
vicing aircraft  high  pressure  systems  and  in- 
flating aircraft  tires. 

The  nitrogen  servicing  unit  is  mounted  on  a 
two-wheeled  trailer  with  a  retractable,  swivel 
caster-type  front  wheel. 

Compressed  gas  cylinders  are  mounted  to  the 
frame  in  two  groups  of  three  each.  A  steel  box  is 
located  between  the  cylinder  groups  fo^  storage 
of  hoses  and  necessary  tools  for  system  ser- 
vicing, A  tow  bar  is  provided  on  the  trailer  to 
enable  towing  by  other  vehicles. 
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Flours  7-24.-Enolna'  ramoval/lnsiaHatlon  trallar  (400QA). 
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Two  control  panels  are  mounted  to  the 
frame-the  main  panel  which  provides  controls 
for  high  pressure  system  servidng,  and  the 
auxiliary  panel  which  provides  controls  for 
aircraft  tire  inflating. 

A  chemical  drier  is  provided  to  remove  any 
moisture  which  may  have  adhered  to  thejifalves 
jMr  MAiidi  may  have  been  accidentally  introduced 
irito  the  system.  The  chemical  is  contained  in  a 
metal  cartridge  or  can  which  is  changed  periodi- 


cally, and  the  nitrogen  passes  through  the  drier 
just  before  it  enters  the  servicing  hose. 

ENGINE  REMOVAL/INSTALLATION 
TRAILER.---This  unit  is  used  to  facilitate  re- 
moval and  Installation  of  aircraft  jet  engines. 
Adapter  sets  are  available  to  adapt  most  any  jet 
engine  to  the  parallel  rails  of  the  trailer.  (See 
fig.  7-24.)  Provision  is  made  for  moving  the 
en^ne  about  any  of  its  axes  to  enable  mainte- 
nance personnel  to  precisely  position  the  engine 
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for  removal  and  installation  with  a  minimum  of 
time  and  effort.  The  trailer  is  provided  with  a 
tow  bar  on  the  forwart|^  end  and  a  pintle  hook 
on  the  aft  end  so  that  the  trailers  can  be  towed 
individually  or  in  tandem. 

The  parallel  rails  of  the  trailer  are  lifted  or 
lowered  hydraulically  by  means  of  hand  pumps, 
one  for  each  end  of  the  rails.  Mechanical  ratchet 
locks  are  provided  on  each  cylinder  for  optimum 
safety.  : 

A  hand-crank  operated  winch  is  provided  to 
move  the  engine  foie  and  aft  on  the  parallel 
rails,  to  another  stand  for  transportation,  or  to  a 
set  of  stationary  rails  for  maintenance. 
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CRASH  DOLLIES.-These  are  provided  on  all 
aircraft  carriers  for  moving  heavy  aircraft  com- 
ponents, and  to  serve  as  aids  in  moving  crashed 
aircraft.  They  are  heavy  duty,  low-bed  dollies  of 
welded  steel  constructibn  wjth  a  hard  fiber  top 
surface  and  four  swivel  shdck-absorbing  caster 
type  wheels  with  nonsparking  tread.  Pipe  type 
rails  (bridges)  on  all  four  ddes  of  the  dolly 
provide;  handholds  and  attachments  for  tie- 
downs.^(See  fig.  7-25.) 

These  dollies  caii  be  modified  in  many  dif- 
ferent ways  to  serve  specific  purposes*  Chie 
modification  may  be  a  steel  structure  to  form  a 
higher  platform  for  use  under  a  wing  or  nose 
section.  Also,  a  heavy  steel  socket,  large  enou^ 
to  insert  a  landing  gear  strut  with  the  wheel 
broken  off,  is  sometimes  welded  to  the  dolly. 
Any  nK>dificatim  to  the  dolly  must  be  suf-^ 
fidently  strong  to  safely  handle  the  load  that 
will  be  imp<^d  upon  iU  hUct  mobile  cranes, 
these  doOies  are  often  used  to  support  only  a 
portion  of  the  aircraft's  weight.  Other  dollies  are 
similarly  used. 

^tenn  Cleaners 

Steam  cleaners  are  used  to  clean  and  d^rease 
equipment  and  components,  aircraft,  machinery, 
machine  parts,  and  other  items  which  are  not 
mbject  to  damage  through  the  application  of 
moisture.  (See  fig.  7-26.)  Most  modeb  can  be 
used  as  a  steam  cleaner  or  as  high-  {pressure  hot 
or  cold  water  wadiing  and  rinsing  unit.  In 
addition,  they  are  usually  equipped  with  a 
cleaning  sohitipn  system  whereby  soap  or  other 
approved  rcleaning  compounds  may  be  auto- 
matically mixed  with  the  steam  or  water. 

Steam  cleaners  are  usually  either  electrically 
operated  or  gasoline^ngine  driven*  An  electri- 
cally operated  model  is  illustrated  in  the  figure. 

Dry  Honin|  Machine  ( Vacu-Blaster) 

The  portable  dry  honing  macl^e,  shown  in 
figure  7-27,  is  a  compact,  self-contained,  light- 
weight unit  used  for  safe  and  convenient  re- 
moval of  corrosion  products  from  metal  surfaces 
of  both  aircraft  and  equipment  components 
through  the  dry  honing  process.  The  unit  uses 
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Figure  7*27.^Fprtibte  dry  hofftins  madibie. 

either  ^ass  beads  or  aluminum  oxide  al^a^e  up 
to  1,000  mesh* 

The  dry  honing  process  of  the  machine 
utilizes  compre^ed  air,  in  large  volume,  to 
provide  the  hi^  velocity  discharge  of  abrasive  at 
the  center  of  the  blast  gun.  tJsed  abrasive  and 
removed  debris  are  pulled  back  into  the  machine 
by  high  vacuum  at  the  outer  circumference  of 
the  blast  ;^n.  Loss  of  abrashre  material  is 
prevented  by  a  nylon  brush  on  tiie  blast  g^. 
(See  fig.  7.28).  1 

Once  the  used  abrasive/debris  enters  the 
machine,  it  is  passed  throu^  an  abrasive  reclaim 
system  where  the  debris  and  abra^  are  sepe- 
rated«  The  abrasive  is  returned  to  the  abrasive 
hopper  for  reuse  and  the  debris  is  passed  into  a 
set  of  cloth  filter  bags  where  it  is  trapped  and 
deposited  in  a  removable  dust  tray  located  on 
the  bottom  of  the  unit.  This  process  of  making 
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HAST  CONTROL  VALVE 


AM.eo 

Fiflur*  7-28.-BlHt  gun  IwmI  ammbly. 

the  abra^ve  reuseable  also  gave  rise  to  the 
ccHnmonly  used  tenn  "vacu-blaster"  fpr  the  dry 
hcHiing  machine.  \ 

The  p<Mrtable  dry  honing  machine  is  operated 
by  compressed  air  or,  in  some  cases,  \a  coni- 
binatio^  of  compressed  air  and  electridty.  In 
these  cases*  the  compi^ssed  air  is  used  for 
Masting  and  the  electricity  is  used  to  operate  a 
vacuum  pump. 


Maintenance  Platforms  (Workstands) 

The  B^A  adJustaUe  maintenance  platform 
(fig*  7-29)  is  a  hydraulically  operated  platform 
and  ladcter  assembly,  mounted  on  a  caster 
equipped  base,  v^ch  enables  personnel  to  work 
in  safety  at  heights  varying  from  a  minimum  of 
3ifeet  to  a  maximum  of  7  feet.  All  four  wheels 
have  locks  to  make  the  platform  stationary. 

The  B-SA  adjustable  maintenance  platform, 


LOWERED 
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Figurt  7-29.-B^  adjuflibl*  iMMamnM  ptatfonn. 
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Figure  7'30,--B-6A  adjustabl*  mainlwianc*  piatform. 


shown  in  figure  7-30»  is  similar  to  the  B-4A 
maintenance  platform^  but  the  base  on  the^SA 
is  larger  and  tapers  toward  the  top.  Likewise>4he 
Uulder  is  designed  differently  and  is  longer.  The 
minimum  teight  of  the  B-SA  is  7  fefet»  and  the 
maximum  teight  is  1 2  feet. 

There  are  other  types  of  maintenance  plat- 
forn»  in  use»  but  the  ones  already  mentioned  are 
the  types  with  which  the  ASE  is  most  likely  to 
come  in  contact. 


Aircraft  Jacks 

/ 

TRIPOD.-i;iiese  are  used  when  a  complete 
aircraft  is  to  be  lifted.  (See  fig.  7-31.)  They  arc 
constructed  of  steel  tubing  and  brace  rods  or 
bars  wich  a  hydraulic  cylinder  in  the  center  of 
the  tripod.  Each  leg  has  a  spring4oaded  caster 
wheel  to  allow  the  jack  to  be  moved.  When 
weight  is  applied  to  the  jack  the  springs  ait 
overccmie,  allowing  sted  pads»  one  on  each  leg> 
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Figure  7-33  .-Aircraft  tripod  jacks. 

to  come  into  contact  with  the. floor  or  deck. 
These  Dads  hold  the  jack  stationary  and  support 
the  aircraft  weight.  A  hand-operated  hydraulic 
pump  is  provided  tc  ^able  the  operator  to  raise 


I 
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Figure  7*32.-A)cl«  (landing  gwr)  jacks. 

the  jack,  and  on  some  models,  where  the 
l^ydraulic  reservoir  is  a  part  of  the  cylinder,  ^he 
pump  is  located  at  the  bottom  of  the  cylinder. 
On  other  models,  where  the  reservoir  is  loc,ated 
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on  one  of  the  jack  legs,  the  pump  is  located  at 
the  bottom  of  the  reservoir. 

There  ^re  two  types  of  tripod  jacks-fixed 
height  and  variable  height.  Those  of  the  variable 
type  can  be  changed  in  l^eight  by  addition  or 
removal  of  extension  kits  by  the  ground  support 
equipment  shop.  Both  types  are  shown  in 
figure  7-31.: 

AXLE.-These  are  used  whan  only  one  point  v 
of  an  aircraft  is  to  be  lifted.  These  jacks  are  also 
referred  to  as  landing  gear  jacks. 

Axle  jacks  are  manufactured  in  several  dif- 
ferent types  and  capacities.  Some  types  are  hand 
'carried  while  others  are  mounted  on  caster  tj'pe 
wheels  and  provided  with  a  tow  bar.  Three  of 
the  most  commonly  found  types  are  showii  in 
figure  7-32. 

Ground  Support  Equipment  Jacks 

TRANSMISSION. -These  were  de .'gned  to 
facilitate  removal  and  installation  of  automatic 
and  standard  transmissions.  They  are  adjustable, 
for  height,  roll,  and  tilt  to  allow  precise  aline* 
ment  of  the  transmission  for  installation  or 
removal.  They  may  be  hydraulic  or  mechanical 
in  operation.  (See  figure  7-33.) 

PLATFORM  (FLOOR). --This  jack  is 
mounted  on  four  steel  caiter  wheels.  The  two 
rear  wheels  are  swivel  type  to  allow  positioning 
of  the  jack.  Platform  (floor)  jacks  are  used  to  lift 
one  wheel,  one  side,  or  one  end  of  a  vehicle. 
They  are  hydraulic  and  are  available  in  various 
types  and  capacities.  One  type  and  size  of  a 
platform  jack  is  shown  in  figure  7-33. 

Low  height  and  good  stability  are  two  of  the 
factors  which  make  this  type  jack  well  suited  for 
the  lifting  operations  involved  in  maintenance  of  ^ 
ground  support  equipment. 

CAUTION:;  Do  not  attempt  to  use  any 
ground  .support  equipment  jack  to  lift  an  air- 
craft these  jacks  are  not  designed  for  such  use.. 

Handling  and  Securing  Equipment 

AIRCRAFT  TOW  BARS -Tlie  aircraft  uni- 
versal tow  ^ar,  model  NT-4  (fig.  7-34),  is  de- 
signed to  tow  and  position  all  cakie^  baflbd 
aircraft  on  shore  stations  as  well  as  on  boapl 
ships.  It  provides  for  nosewheel  tow  as  well  as 


PLATFORM  (HOOR) 


TRANSMISSION 
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Figure  7'33*-Ground  support  equipment  jacks. 

for  tow  of  aircraft  'nvir.^  fuselage  and  landing 
gear  tow  rings.  The  maximum  aircraft  gross 
weight  that  can  be  handled  by  this  tow  bar  is 
90,000  pounds. 

The  NT-4  tow  bar  uses  ai?  adjustable  securing 
chain  between  the  bars  to  retain  the  engagement 
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Fi9ur«  7-34,-MT*4  aircroft  univ«rtol  tew  bor* 


pins  in  the  aircraft's  nosewheel  axle.;  This  chain 
can  be  detached  from  one  bar  to  aHTow  the  bars 
to  bo  spread  as  needed  for  fuselage  tow.  Tapered 
pins  kre  used  for  nosewheel  tow,  and  hooks  are 
used  {for  fuselage  or  landing  gear  tow. 

UNIVERSAL  WHEEL  CHOCKS.^The  wheel 
chocilc  most  commonly  used  by  the  Navy  is  the 
model  MWC-2  universal  wheel  chock.  (See 
fig/7-35.) 


This  is  an  all-metal  chock  that  is  adjustable  to 
fit  any  wheel  up  to  45  inches  in  diameter.  These 
universal  wheel  chocks  can  bemused  on  ground 
support  equipment  as  well  as  on  aircraft. 

UNIVERSAL  CHAIN  TIEDOWN.^The 
TD-IA  universal  chain  tiedown  Cflg.  7-36)  is  the 
type  most  commonly  used  throughout  the  Navy. 
It  is  used  for  shipboard  ahd  shore  station 
securing  of  aircraft  and  ground  support  equip- 
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FiQur*  7-3S.-Univtrsal  wtwtl  chock. 
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Figim  7-36.-Umirsal  chain  tjedown,  madel  TD«1  A. 

ment.  The  ease  and  speed  with  which  it  can  be 
attached  to  and  removed  from  an  aircraft  make 
it  especially  desirable  during  flight  operations  on 
board  aircraft  carriers  where  time  is  critical. 

CHAIN  HOISTS.-Chain  hoists,  or  chain  falls 
as  they  are  often  called,  (fig.  7-37)  provide  a 
convenient  and  efficient  method  for  hoisting 
loads  by  hand.  Chief  advantages  of  chain  hoists 
are  that  one  man  can  raise  a  load  of  several  tons, 
and  the  load  can  remain  stationary  without 
being  secured.  The  slow  lifting  travel  of  a  chain 
hoist  permits  small  movements,  accurate  adjust- 
ments of  height,  and  gentle  handling  of  loads. 
For  these  reasons  they  are  particularly  useful  in 
hoisting  vehicles  for  chassis  repairs,  and  for 
component  removal  and  replacement.  Two  of 
the  most  common  types  used  for  vertical 
hoisting  operations  are  the  spur  gear  hoist  and 
the  differential  chain  hoist. 

PECULIAR  (SPECIAL  PURPOSE) 

Ground  support  equipment  assigned  to  this 
category  is  designed  ^or  use  with  (peculiar  to) 
only  one  type  or  model  of  aircraft  o^  Weapons 
system.  Some  items  of  peculiar  ground  support 
equipment  with  which  the  ASE  may  come  in 
contact  are  special  jacks,  jack  adapters,  mainte- 
nance platforms,  tow  bars,  etc. 

Care  must  be  exercised  to  irisuffe^that  any 
piece  of  peculiar  ground  support  equipment  is 
used  only  for  the  purpose  for  which  it  was 


CHAIN  HOIST  SPUR  6EAR 
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Figure  7*37.--Chain  holsti. 

intended.  Tills  is  necessary  to  prevent  possible 
injury  to  personnel  and/or  damage  to  the  equip- 
ment. ' 


GENERAL  SAFETY  AROUND 
GROUND  SUPPORT  EQUIPMENT , 

Safety  around  ground  support  equipment  is 
largely  a  matter  of  commonsense  and  not  being 
in  too  big  a  hurry..  Commonsense  dictates  what 
measures  should  be  taken  to  make  working 
around  ground  support  equipment  as  safe  as 
possible.  Notvbeing  in  too  big  a  hurry  dictates 
that  time  must  be  taken  to  perform  the  required 
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safety  measures.  The  full  cooperation  of  all 
personpel  working  with  and  around  ground 
support  equipment  is  required,  and  constant 
vigilance  must  be  maintained  to  eliminate  unsafe 
acts. 

General  safety  rules  require  that  all  personnel 
strictly  observe  all  safety  precautions  applicable 
to  their  work:  Each  worker  concerned  should 
report  to  his  supervisor  any  unsafe  condition, 
material,  or  equipment;  warn  others  who  appear 
to  be^  endangered  by  hazaids  or  by  failure  to 
observe  safety  precautions;  and  report  any  in- 
jury or  evidenpe  of  impaired  health  that  occurs 
to  himself  or  to  others.  Each  worker  should 
wear  or  use  protective  clothing  or  equipment 
prescribed  for  the  safe  performance  of  the  work 
he  is  doing.  When  a  hazardous  condition  exists, 
each  person  should  exercise  as  much  caution  as 
is  possible  under  the  existing  circumstances. 

Some  of  the  safety  measures  that  should  be 
used  around  ground  support  equipment  are 
covered  in  the  following  paragraphs. 

When  stopping  self-propelled  equipment,  set 
the  handbrake  or  chock  the  vehicle.  This  should 
be  done  to  towed  equipment  before  unhooking 
from  the  towing  vehicle.  When  mobile  equip- 
ment is  handpushed  or  pulled,  this  should  be 
done  as  soon  as  the  vehicle  is  stopped. 

Aboard  aircraft  carriers,  any  ground  support 
equipment  that  is  not  in  use  is  tied  down  to 
prevent  a  tight  turn  or  any  tilting  of  the  ship 
from  causing  the  equipment  to  become  a  hazard 
to  personnel  or  equipment.  All  equipment 
should  be  as  clean  as  possible  to  prevent 
accumulation  of  fuel,  oil,  hydraulic  fluid,  or 
grease  from  becoming  a  fire  hazard  or  causing 
slippage  by  those  working  with  or  on  the 
equipment. 


Each  piece  of  ground  support  >equipment 
should  be  used  only  for  the  purpo^for  which  it 
was  manufactured,  except  in  an^iwtiergency,  and 
used  only  by  authorized  perMrhnel.  The  author- 
ization i>i  ould  be  in  writing^d  indicate  that  the 
holder  has  been  thorougj^  checked  out  in  the 
operation  of  the  equipnrent  and  the  safety  prac- 
tices associated  with  it. 

Insure  that  the  area  where  engine-powered 
equipment  is  operated  is  well  ventilated;  exhaust 
systems  can  be  extremely  dangerous  because  of 
the  heat  given  off,  especially  from  gas  turbine 
equipment.  Gas  turbine  compressors  must  be 
positioned  so  as  to  minimize  hazards  to  per- 
sonnel and  material.  Turbine  exhaust  must  not 
be  allowed  to  impinge  directly  on  personnel, 
aircraft,  equipment,  explosives,  or  flammable 
materials. 

To  avoid  undue  heat  exposure,  a  minimum 
distance  of  8  feet  from  exhaust  is  required  for 
the  MD-3  and  MD-3A,  and  5  feet  for  the  MD-3B. 
The  85-series  turbine  equipped  with  upward 
exhaust  ports  requires  a  mifiimum  distance  of 
6  feet.  It  is  emphasized  that/these  are  minimum 
distances. 

Safety  must  be  practiced  continuously.  When 
you  get  the  idea  these  things  always  happen  to 
the  other  guy,  it  is  about  to  happento^rou. 

An  example  is  the  casjastfophe  which 
occurred  aboard  the  USS  Enterprise  on 
HJanuery  1969.  This^isaster  was  caused  by 
the  exhaust  of  a  gas  turbine  compressor  {onlm 
MD-3A  tow  tractor)  which  ignited  a  Zuni  rogket 
warhead  mounted  on  an  F-4J,  initiating  the 
subsequent  explosions  and  fires.  After  it  was  all 
over,  many  men  had  lost  their  lives,  several 
aircraft  were  lost  or  dama^d,  and  the  ship 
received  major  damage. 
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CHAPTER  8 

SERVICING  AND  MAINTENANCE 


In  order  for  aircraft  to  perform  their  mission, 
ground  support  equipment  must  be  available  for 
servicing,  maintaining,  launching,  and  recovering 
the  aircraft.  To  do  this,  the  ground  support 
equipment  for  which  the '  ASE  is  responsible 
must  be  properly  serviced  and  maintained.  If  a 
gas  turbine  compressor  ormobile  electric  power- 
plant  fails  (due  to  improper  servicing  or  poor 
maintenance)  during  starting  of  a  flight  of 
aircraft,  the  flight  may  get  off  late  or  not  at  all. 
Time  is  normally  very  critical  under  such  condi- 
tions; therefore,  ground  support  equipment  in 
proper  operating  condition  is  of  utmost  impor- 
tance. '  .V 


SERVICING  GROUND  SUPPORT  EQUIPMENT 

The  life  of  ground  support  equipment  for 
which  the  ASE  is  responsible  depends  upon 
proper  care  and  servicing.  Most  of  the  service 
lequirements  are  simple,  but  nonethele^  impor- 
tant. Servicing'  of  ground  support  equipment 
includes  replenishment  of  fuels,  lubricants,  cool- 
ants, hydraulic  fluids,  and  other  consumable 
materials. 

All  maintenance  personnel  should  be  familiar 
with  the  various  types  of  fuels  and  lubricants, 
their  specific  use,  and  the  method  and  frequency 
of  application.;  Proper  selection  of  fuels  is  also 
important;  ydu  would  not  put  diesel  fuel  in  a 
gasoline  engine,  or  gasoline  in  a  diesel  engine. 

Perhaps  you  have  heard  or  seen  what  hap- 
pened to  the  wheel  bearings  in  an  automobile 
when  they  were  not  properly  lubricated.  In 
some  cases  the^  bearings  were  damaged  due  to 
lack  of  grease,  and  in  other  cases  by  use  of  the 
wrong  type  of  grease.  This  type  of  damage  could 
have  been  avoided  if  the  wheel  bearings  had 
been  inspected  at  the  proper  interval  and  if  the 
proper  lubricant  had  been  selected.  Servicing 


modem  ground  support  equipment  is  important, 
and  a  thorough  knowledge  of  proper  Yuels  and 
lubricants  will  make  the  job  easier  and  safer  for 
the  equipment. 

The  following  paragraphs  discus  some  of  the 
fuels,  lubricants,  hydraulic  fluids,  and  coolants 
with  which  the  ASE  may  come  in  contact. 

FUELS  ^ 

Fuels  for  gasoline  and  diesel  engines  are 
byproducts  of  petroleum.  Petroleum,  often 
called  crude  oil,  means  "rock  oil."  Petroleum 
products  include  gasoline,  kerosene,  diesel  fuel, 
lubricating  oils,  gear  lubricants,  and  greases. 
Many,  different  products  are  added  to  the  raw 
byproducts  to  obtain  a  fuel  that  will  perform 
efficiently  in  modem  equipment. 

Fuels  may  be  contaminated  by^  dirt,  rust, 
water,  or  by  accidental  combination  with  other 
types  of  petroleum  products.  Avoiding  such 
contamination  is  vital  if  the  products  are  to 
serve  the  purposes  for  which  they -are  intended. 
Dirt  and  water  in  fuels  are  primary  causes  of 
premature  engine  failure.  Cleanliness  in  handling 
fuels  is  paramount. 


Gasoline 

} 

Gasoline  contains  carbon  and  hydrogen  in 
such  proportions  that  it  bums  freely  and  liber- 
ates heat,  energy.  It  evaporates  (changes  to  a 
vapor)  at  any  temperature,  and  because  gasoline 
vapors  are  heavier  than  air,  they  sink  to  the 
ground.  To  decrease  the  Are  hazard  of  having 
the  gasoline  vapors  in  a  conflned  place  where 
spontaneous  combustion  could  take  place,  the 
enclosure  in  which  gasoline  is  u^d  SHOULD  BE 
THOROUGHLY  VENTILATED  THROUGH 
OPENINGS  NEAR  THE  FLOOR 
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If  all  the  potential  heat  energy  contained  in  a 
gallon  of  gasoline,  could  be  converted  into  work, 
a  motqt  vehicle  could  run  many  more  m?les  on 
each  gallon.  However,  only  a  small  percentage  of 
this  heat  energy  is  converted  into  power  by  the 
engine.  Most  authorities  consider  the  power 
losses  within  the  engine  to  be:; 

Percent  of 

Engine  Power  Loss 

Cooling  system  .  > >  .... .  . . . . . . , . . .  .35 

Exhaust  gases   .-.^ .  y ....  .35 

Engine  friction  .....>.>..: . . .; . . > .  5  to  10 

Total  75  to  80 

The  question  of  what  is  ideal  gasoline  is  more 
theoretical  than  practical.  Every  manufacturer 
recommends  the  octane  rating  of  the  gasoline  he 
feels  is  best  for  the  engines  he  produces.  Besides 
engine  design,  factors  like  the  weight  of  the 
vehicle,  the  terrain  and  highways  over  which  it  is 
driven,  and  the  climate  and  altitude  of  the 
locality  also  determire  what  gasolineJs  best  to 
use.  All  other  factors  being  equal,  these  may  be 
considered  as  some  of  the  properties  of  the  best 
gasoline:;  good  antiknock  quality,  a  minimum 
content  of  foreign  matter,  and  a  volatility  which 
makes  starting  easy  and  allows  smooth  accelera- 
tion and  econpmical  operation. 

The  type  gasoline  recommended  by  the  manu- 
facturer should  always  be  used  if  maximum 
performance  is  to  be  realized. 

Diesel  Fuel 

Diesel  fuel  is  heavier  than  gasoline  because  it 
is  obtained  from  the  residue  of  the  crude  oil 
after  the  more  volatile  fuels  have  been  removed. 
As  with  gasoline,  the  efficiency  of  a  diesel  fuel 
varies  with  the  type  of  engine  in  which  it  is  used. 
By  distillation,  cracking,  and  blending  of  several 
oils,  a  suitable  diesel  fuel  can  be  obtained  for 
almost  all  engine  operating  conditions.  Slow 
spefd  diesels  use  a  wide  variety  of  heavy  fuels; 
high  speed  diesel  en^nes  require  a  lighter  fuel.  A 
poor  or  improper  grade  of  fuel  can  cause  hard 
starting,  incomplete  combustion,  a  smoky  ex- 
haust, and  engine  knocks. 
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The  properties  a  manufacturer  considers  in 
specifying  a  fuel  for  a  diesel  engine  are  vola- 
tility^ cleanliness,  viscosity,  ignition  quality,  and 
antiknock  quality. 

Jet  Propulsion  Fuels  (JP) 

Primarily,  jet  propulsion  fuels  (JP)are  for  use 
in  je?t  engines.  However,  some  types  of  jet  fuels, 
JP-4  and  JP-5,  are  weU  suited  for  use  in  modem, 
high  speed  diesel  engines  such  as  those  used  in 
ground  sui^port  equipment.  Most  manufacturers 
specify  number  1  or  number  2  grade  diesel  fuel, 
JP-4,  or  JP-1  the  selection  being  dependent 
upon  availability,  except  in  the  case  of  a  gas 
turbine  power  unit  mounted  on  a  tractor  and 
dependent  upon  the  tractor  for  its  fuel  supply. 
Here,  the  type  of  fuel  used  must  be  aviation  jet 
fuel  to  meet  the  requirements  of  the  gas  turtnne 
^ower  unit.  Some  of  the  reasons  that  aviation 
fuels  are  more  desirable  for  use  than  diesel  fuels 
are  more  power  output  per  pound,  fewer  con- 
taminants, increased  engine  life,  and  greater 
availability  aboard  naval  air  stations  and  aircraft 
carriers 

Propane  and  Butane 

Propane  and  butane  fuels  are  byprodu^  of 
natural  gas.  (The  natural  gas  is  taken  from  a 
cavity,  in  the  earth.)  Propane  and  butane  fuels 
develop  a  pressure  when  stored  because  they 
change  into  a  gas  when  released  to  the  atmo- 
sphere. Liquid  propane  becomes  a  gas  at  a 
temperature  of  -43*'  F;  liquid  butane,  at  33*  F. 
Although  seldom  used  as  a  fuel  for  automotive 
equipment,  small  amounts  of  these  liquid  gases 
have  been  u^d  to  start  engines  in  very  cold 
climates.  Some  nuuiufacturers  believe  that  inter- 
nal combustion  engines  can  operate  more  tco^ 
nomically  with  butane  fuel  than  with  gasoline. 
Gasoline  and  diesel  fuel,  however,  continue  to 
be  the  most  widely  used  fuels  for  internal 
combustion  engines. 

LUBRICANTS 

A  lubricant  (oil  or  grease)  is  a  substance  used 
to  reduce  friction  by  preventing  direct  contact 
of  moving  surfaces  with  each  other.  The  lubri- 
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cant  is  pressed  into  a  thin  film  between  moving 
parts,  and  the  parts  rub  on  the  film. 

The  word  lubricant  comes  from  a  Latin  word 
meaning  *'sUppery.**  The  idea  is  that  the  film  of 
oU  gives  a  slippery  nature  to  surfaces.  This  film 
is  constantly  renewed  by  additional  oil  supplied 
from  a  pressure  pump  to  replace  oil  forced  out 
by  movement  of  the  engine  parts.  The  effect  is 
two  sheets  or  layers  of  oil  sliding  over  each 
other.  Thus,  friction  ^between  the  two  metal 
surfaces  is  reduced  to  a  minimum. 

In  addition  to  reducing  friction  and  wear, 
lubricants  act  as  cooling  agents,  absorbing  heat 
from  the  surfaces  over  which  they  are  spread. 
This  is  true  particularly  of  engine  oil  which 
cajfries  heat  to  the  engine  oil  pan  where  it  is 
di^pated*  On  some  engines  the  oil  is  circulated 
through  a  water-cooled  oil  cooler  to  further 
dissipate  this  heat. 

Lubricants  are  also  used  as  sealing  agents. 
They  fill  the  tiny  openings  between  moving 
parts,  cushioning  them  against  damage  and 
distortion  from  extreme  heat. 

Lubricants  are  also  important  as  cleaning 
agents.  Any  grit  and  dirt  iinding  their  way  into 
the  engine  parts  often  are  removed  by  the 
lubricants  before  damage  can  result.  Foreign 
matter  found  in  old  oils  and  greases  in  the 
bottom  of  the  crankcase  is  evidence  of  the 
cleansing  quality  of  lubricants.  Some  lubricants 
have  chemicals  added  tu  make  them  better 
cleaners. 

The  high  temperatures,  speeds,  and  cylinder 
pressures  of  modem  engines  havo  made  better 
grades  of  lubricating  oils  necessary..  To  inct^ase 
efficiency,  certain  chemicals  called  additives  are 
put  into  oils.  Additives  are  resistive  agents  which 
are  used  against  oxidation  and  other  kinds  of 
metal  deterioration.  Oil  which  contains  additives 
specifically  designed  to  help  clean  the  piston 
rings  and  other  parts  of  the  engine  as  it 
lubricates  is  known  as  detergent  oil. 

Oils 

Lubricating  oils  serve  four  purposes; 

1.  Prevent  metal- to-metal  contact  in  moving 
parts  of  mechanisms. 

2.  Help  carry  heat  away  from  the  engine. 

3.  Dean  the  engine  parts  as  they  are  lubri- 
cated. 


4..  Form  a  seal  between  moving  parts. 

Moving  parts  that  do  not  have  enough  oil  will 
melt,  fuse,  or  seize  after  a  very  short  period  of 
engine  operation.  All  gears  and  accessory  drives, 
as  well  as  other  moving  parts  of  the  engine 
subject  to  friction,  must  be  bathed  in  oil  at  all 
times. 

Greases 

'  \_ 
Greases  are  compounds  of  oil  and  soap..  The 
soaps  used  are  not  ordinary  laundry  soaps  but 
animal  fats  mixed  with  certain  chemicals.  The 
chief  purpose  of  the  soap  is  to  provide  a  body  or 
carrier  for  the  oil  that  actually  does  the  lubri- 
cating. 

Grease  is  used  where  oil  is  impractical  or 
unsatisfactory  due  to  centrifugal  force,  load, 
temperature,  or  exposure.  For  instance,  in  wheel 
bearings  grease  maintains  a  lubricating  film 
under  heavy  loads  and  when  the  equipment  is 
stationary  for  long  periods  of  time. 

Grease  is  separated  into  broad  classifications 
such  as  <;hassis,  cup  or  water  pump,  wheel 
bearing,  general  purpose,  etc.  Also,  many  special 
purpose  greases  are  manufactured;  among  these 
are  distributor  cam  lobe  lubricant,  electric  mo- 
tor bearing  grease,  preservation  grease,  etc. 

Particular  care  must  be  exercised  to  insure 
that  the  proper  grease  is  used  for  any  job.  Severe 
damage  can  result  from  improper  lubrication. 
For  example,  chassis  grease  used  on  a  distributor 
cam  lobe  will  cause  arcing  an4  burning  of  the 
breaker  points  as  the  grease  melts  and  is  thrown 
onto  the  breaker  points  by  centrifugal  force. 
Information  as  to  the  proper  grease  to  ufe  can 
be  found  in  lubrication  charts  for  the  unit  being 
serviced.  Lubrication  charts  and  their  use  are 
covered  later  in  this  chapter. 

FLUIDS 

Fluid  is  the  means  by  which  energy  is 
transmitted  from  the  pump  to  the  various  units 
to  be  actuated.  To  operate  efficiently  in  a 
system,  a  fluid  must  have  certain  properties  and 
characteristics.  It  must  flow  freely  at  extremely 
high  and  low  temperatures;  it  must  be  non- 
corrosive  to  metals  and  must  not  react  chemi- 
cally on  the  seals  and  packings  used  in  the 
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system;  it  must  have  good  lubricating  qualities; 
and  it  is  desirable  that  it  be  nonflammable. 

Hydraulic  Fluid 

Hydraulic  fluid  used  in  naval  ground  support 
equipment  such  as  hydraulic  test  stands,  forkhfts, 
aircraft  jacks,  aircraft  spotting  dollies,  etc.,  is 
manufactured  in  accordance  with  Specification 
MIL-H-5606B.  Thi^  fluid  is  red  in  color  and  is 
normally  procured  in  1 -quart  and  1 -gallon  con- 
tainers. MIL-H-5606B  hydrauUc  fluid  has  a 
petroleum  base  and  MUST  NOT  be  mixed  with 
any  hydraulic  fluid  which  has  a  synthetic  (vege- 
table) base. 

Automatic  Transmission  Fluid 

The  majority  of  ground  support  equipment 
equipped  with  automatic  transmissions  are  de- 
signed for  use  with  type  **A"  automatic  trans- 
mission fluid.  This  fluid  is  also  used  in  the 
majority  of  power  steering  systems.  Exceptions 
to  this  are  equipments  which  use  oil  conforming 
to  Specification  MIL-L-2104B,  SAE  10W,  inthe 
automatic  transmission  and  power  steering  sys- 
tems, and  others  which  use  fluid  conforming  to 
Specification  MIL-H-5606B. 

Brake  Fluid 

Most  hydraulic  brake  systems  use  a  non- 
petroleum-base  hydraulic  brake  fluid  such  as 
Specification  VV-H-910  or  VV-B-680.  DO  NOT 
mix  any  petroleum-  or  mineral-base  hydraulic 
fluid,  such  as  MIL-H-5606B,  with  any  synthetic- 
base  brake  fluid.  Attempts  to  combine  the  two 
will  result  in  formation  of  a  jelly  substance, 
followed  by  decomposition  and  leaking  of  the 
natural  rubber  seals,  and  very  quickly  in  system 
failure.  Consult  the  lubrication  chart  for  the 
particular  unit  before  servicing  any  hydraulic 
system,  and  use  only  the  fluid  recommended  by 
the  manufacturer.. 

COOLANTS 

Nearly  all  multicylinder  engines  used  in  auto- 
motive and  ground  support  equipment  use  a 
liquid  cooling  system.  Any  liquid  used  in  this 


type  of  system  is  called  a  coolant.  The  two  types 
of  coolants,  water  and  antifreeze  solutions,  are 
discussed  briefly. 

Water  used  in  radiators  should  be  clean,  and 
should  be  checked  often  for  cleanliness  and 
quantity.: 

A  vehicle  operated  in  temperatures  below 
32""  F  requires  an  antifreeze  solution  in  its 
cooling  system.  Without  this  solution  the  water 
in  the  cooling  system  freezes  and  can  result  in 
cracked  cy^nders,  water  jackets,  cylindefvheads, 
and  radiator  cores.  \ 

A  good  antifreeze  solution  mixes  readily\with 
water.  Once  miked,  the  solution  tends  to  pene- 
trate openings  ahd  connections  more  readily 
than  plain  water.  Vrior  to  the  first  filling  bf 
antifreeze  in  the  winter,  and  periodically  therCr 
after,  hose  connections  should  be  checked  fotv 
tightness  to  insure  that  there  are  no  leaks..  A\ 
good  antifreeze  is  not  subject  to  rapid  evapora-  \ 
tion,  nor  does  it  corrode  or  rust  the  cooling 
systfem.  Most  antifreeze  compounds  contain  a  j 
rust  and  corrosion  inhibitor.  Without  an  inhibi-  i 
tor  in  the  solution,  rust  and  corrosion  form  and  / 
clog  radiators,  causing  water-cooled  engines  to 
overheat.; 

All  antifreeze  solutions  require  periodic 
checks  and  must  be  replenished  when  tests  show 
that  they  will  not  give  the  required  protection 
against  freezing.  Hydrometers  are  used  for  such 
testing. 

Antifreeze  solutions,  even  the  so-called  per- 
manent types,  are  not  recommended  for  use 
beyond  one  season;  furthermore,  it  is  recom- 
mended that  different  types  not  be  mixed. 
Usually,  when  two  types  have  been  mixed,  there 
is  no  way  of  knowing  the  temperature  at  which 
the  mixed  solutions  will  freeze.  Then  too,  their 
ingredients  sometimes  react  chemically  and 
cause  corrosion  in  the  cooling  system  with 
resultant  foaming  that  forces  quantities  of  the 
liquid  from  the  radiator. 

SERVICING  PROCEDURES 

Usually,  servicing  of  ground  support  equip- 
ment is  not  very  complicated,  but  it  is  extremely 
important.  The  ASE  should  understand  how  and 
why  servicing  can  often  be  so  critical.  For 
example,  one  item  of  equipment  may  require 
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STCERINe  SYStEM 
HYDRAULIC 
R.E$ERVOIR 
SEE  TABLE 


vENGINE 
OIL  FILTER 


AXLE  CRADLE  (2) 
6AA  100 


ORAt  1^  {zy 
•AA  too 

FRONT  WHCEL  Him 
aAA  200 


KINO  PIUS  (•) 
•fLLCHAimsm^ 
TICROOSU) 
OAA  H»0 

AIR  CLEANER 
CLEAN  EO  10 

AIN  TANK 
DNAIM  10 

ACCELERATOR 
PIVOTS  OAA 100 

•ATTCRICS 
SEE  TASLE  i-l 


iRAKE  LEVER 
OAA  200 

PRIVE  SHAFT 
SLIF  aOINT 
JOINTS 
SAA  100 

TIRES 


COOLINO  SYSTEM 
SEE  TABLE  B*l 


AIR  COMPRESSOR  . 
EO  200 


HYDRAULIC  BRAKE 
CYLNIOER  HB  1000 

ENBIMt  <»L 
CHECK  N)  FILL 
SEt  TABLE  SH 


J^FUEL  FILTERS 

ENOINE  OIL 
DRAIN  EO  200 


TRANSMISSION 
CHECK  10  FILL 
SEE  TABLE  B-l 

TRANSMISSION 
DRAIN  1000 

FUEL  FILL  CHECK  10 
SEE  TABLE  B-l 

REAR  WHEEL  HUBS 
CHECK  60  200 

REAR  WHEEL  HUBS 
DRAIN  60  mo 

DIFFERENTIAL 
CHECK  60  200 

DIFFERENTIAL 
DRAIN  60  1000 


Figuro  8*1.-LubricBtion  diBgram,  MD*3  tow  tractor* 


AS.234 
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Table  8-1.  -  Lubrication  and  refill  char^,  MD-3  tow  tractor 


type  refill  and  service 

Approximate 

Operation  iHn.  oper.) 

Item 

Lube  ' 
symbol 

SAE 

API 

Military  specification 

refill 
capacity 

:heck  < 

□ean 

Refill  or 
replace 

Engine  crankcase 

with  filter 
Above -32"F 
^32**Fto-10'F 
Below -10  F 

EO 

30 
(20) 
lOW 

CD 

M1L-L-2104B  Amd.  1 
or 

MIL-L-9000E 

9qt 

10 

1,000 

Oil 
100 

Filter 
200 

Air  cleaner 

EO 

Same  as.enginc 

Ipt 

10 

100 

100 

Engine  breather 

EO 

Same  as  engine 

*AR 

200 

200 

2UU  - 

Transmission 

Automatic  transmission 

13  qt 

10  1 

500 

1,000 

Hydraulic  system 

Fluid,  type  "A" 

5  pt 

10  i 

500  . 

1,000 

Air  compressor 
Above  -32' F 
-32'Fto-lO^F 
Below -10" 

EO 

30 
(20) 
lOW 

CC 
or 
CD 

MIL-L-2104B  Amd.  1 
or 

MIL-L-9000E 

*AR 

1 

10 

1 

l/VM) 

200 

Rear  axle 

differential 
Below  32"F 
Above  32" F 

GO 

90 
140 

EP 

MIL-L-2105B 

4pt 

200 

1,000 

1,000 

Wheel  hubs 
Below  32"  F 
Above  32  F 

GO 

90 
140 

2.75  pt 
(per  hub) 

200 

1,000 

1,000 

Cooling  system 
Above  32"  F 
Below  32"  F 

Water  and  5%  corrosion 
inhibitor  solution 

•  22  qt 

10 

1,000 

1,000 

Ethylene  glycol 

O-A-00548C 

Brake  fluid 

HB 

Non- 
pet  roieum 
base 

VV-H-910 

*AR 

100 

1,000 

1,000 

Fuel  system 

JP-5 

MIL-J-5624 

90  gal 

10 

1,000 

10 

Front  wheel  hubs 

*AR 

200 

1,000 

1,000 

L/iog  iiniv 

*AR 

100 

500 

100 

i  le  roQ 

Multi-pur- 
pose lith- 

*AR 

100 

500 

100 

iving  pins 

MIL-G-10924B 

*AR 

100 

500 

100 

Accelerator 
pivots 

GAA 

ium  base 
NLGI 
Grade  1 

*AR 

inn 

Cnve  shaft 

*AR 

100 

500 

500 

Brake  lever 

\ 

*AR 

200 

200 

200 

Batteries 

Distille^\^ater 

*AR 

100 

200 

100 

Turbine  oil 

I^HL-L-23699B 

*AR 

♦AR  •  As  requlied  j^^.  ^^^^^^       20,  lOW/30  and  40  viscoiity  weighti  should  m^t  the  requirements  of 

MIL-L'2J04B. 
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several  different  types  of  oil,  grease,  fluids,  etc. 
Selection  of  the  conect  types  and  proper  appli- 
Juition  to  the  points  where  required  can  make 
/the  difference  between  a  piece  of  equipment 
that  gives  excellent  performance  and  one  that  is 
damaged  beyond  repair. 

Complete  servicing  details  can  be  found  in  the 
Operation,  Service,  and  Repair  Instructions 
Manual  (Handbook)  written  for  that  particular 
type  and  model  of  equipment.  Figure  8-1  and 
table  8*1  illustrate  a  small  portion  of  ithe 
servicing  information  contained  in  the  MD-3 
Tow  Tractor  Handbook. 

Servicing  information  can  also  be  found  in  the 
Maintenance  Requirements  Cards,  but  it  usually 
is  not  as  detailed  as  the  information  contained  in 
the  above  mentioned  manual  or  handbook. 


TYPES  OF  MAINTENANCE 

No  matter  how  well  the  ground  support 
equipment  is  serviced  and  cared  for,  mainte- 
nance is  still  reqiiired  in  order  to  keep  the 
equipment  in  optimum  operating  condition.  In 
maintenance  work  of  any  kind,  knowledge  and 
skills  of  two  fundamental  kinds  must  be  used: 
first,  the  technician  must  have  specific  informa- 
tion which  applies  only  to  the  particular  equip- 
ment which  he  may  be  called  upon  to  repair  or 
keep  in  good  condition;  and  second,  he  must 
possess  and.  be  able  to  use  certain  general  skills 
and  knowledge  which  apply  lo  many  kinds  of 
equipment  and  types  of  work  assignments. 

The  specific  information  required  consists  of 
special  procedures  and  processes,  and  of  detailed 
step-by-step  directions  approved  by  the  proper 
authority  and  recommended  for  a  particular 
piece  of  equipment.  This  information  is  supplied 
in  publications  or  checkoff  lists  by  applicable 
systems  commands,  type  commanders,  or  other 
authorized  sdurces. 

The  general  maintenance  skills  and  procedures 
are  based  on  knowledge  which  is  not  contained 
in  equipment  manuals.  These  skills  must  be 
learned  during  on-the-job  training  and  from 
training  manuals  such  as  this  one.  The  basic 
content  of  this  section  of  this  manual  concerns 
the  general  maintenance  skills  and  knowledge. 

The  maintenance  performed  on  the  equip- 


ment falls  into  two  broad  categories:  (1)  actions 
taken  to  reduce  or  eliminate  failure  and  prolong 
the  useful  life  of  the  equipment,  and  (2)  actions- 
taken  when  a  part  or  component  ha"  failed  and 
the  equipment  is  out  of  service.  T  efore,  the 
types  of  maintenance  can  be  considered  to 
consist  of  preventive  maintenance  (scheduled) 
and  corrective  maintenance  (unscheduled). 

PREVENTIVE  MAINTENANCE 

In  operation,  items  of  ground  support  equip- 
ment are  subjected  to  a  variety  of  stresses, 
strains,  and  environments.  If  the  equipment  is 
not  inspected  regularly  and  detected  discrepan- 
cies corrected,  the  equipment  soon  becomes 
inoperable. 

When  equipment  comes  into  the  work  center 
for  inspection,  it  should  be  cleaned  to  faidlitate 
the  inspection.  Cleaning  of  electrical  compo- 
nents'consists  of  removing  dust,  grease,^  other 
foreign  matter  from  covers,  chassis,  andopcrar 
ting  parts.  The  methods  used  to  clean  varioiis 
parts  and  units  will  vary,  but  usually  a  vacuum 
cleaner  will  suffice  to  remove  loose  dust  and 
foreign  matter.  If  grease  or  other  petroleum 
deposits  must  be  removed,  this  can  be  done  with 
a  cloth  moistened  with  alcohol  or  drycleaning 
solvent.  After  cleaning,  the  part  should  be  wiped 
dry^  or  allowed  to  air  dry  before  poWer  is 
applied. 

As  the  unit  is  cleaned,  it  can  be  visually 
inspected  for  loose  leads,  improper  connections, 
damaged  or  broken  component,  etc.,  prior  to 
application  of  power.  These  inspection  precau- 
tions are  particularly  applicable  to  new  equip- 
ment, equipment  returned  from  overhaul,  equip- 
ment which  has  been  preserved  or  stored  for 
long  periods  of  time,  and  equipment  which  has 
been  exposed  to  the  weather  for  long  periods  of 
time.  A  good,  thorough,  visual  inspection  will 
often  reveal  discrepancies  which  can  be  cor- 
rected  at  that  time  with  a  minimum  amount  of 
labor  aiid  parts.  Such  discrepancies,  if  left 
uncorrected,  might  result  in  m^or  expenditure 
of  labor  and  parts. 

Inspections 

Maintenance  inspections  for  ground  support 
equipment  are  promulgated  by  the  Naval  Air 
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Systems  Command.  With  every  activity  using  the 
inspection  criteria  prescribed  for  their  assigned 
equipment,  it  follows  that  any  given  equjpment 
model  or  series  is  subject  to  a  standardized 
program  of  planned  maintenance  regardless  of 
its  operating  location.  These  inspections  specify 
the  minimum  requirements  necessary  to  main- 
tain the  subject  equipmt^nt;  however,  the  depth 
and  frequency  of  any  ini^pection  may  be  in- 
creased if  required  by  local  conditions. 

Type^  of  inspections  performed  by  activities 
responsible  for  the  maintenance  of  ground  sup- 
port equipment  are:; 

1..  Acceptance  inspections.  A  minimum 
acceptance  inspection  consists  of  equipment 
configuration  verification,  functional  tests  of 
systems,  and  a  thorough  preoperational  in- 
spection. Accepting  activities  may  increase  the 
depth  of  inspection  if  the  condition  of  the 
equipment  warrants. 

2.  Preoperational  inspections.  The  preopera- 
tional inspection  was  formerly  known  as  a  dnily 
inspection,  and  on  some  of  the  older  itemb  of 
ground  support  equipment  these  inspections  are 
still  referred  to  as  daily  inspections.  Preopera- 
tional inspections  are  accomplished  prior  to  the 
first  use  pf  th6  subject  equipment  for  that  day. 
This  inspection  is  basically  a  combination  of 
requirements  for  checking  equipment  for  verifi- 
cation of  satisfactory  functioning  prior  to  use, 
plus  requirements  that  prescribe  searching  for 
and  correction  of  relatively  minor  problems  to 
prevent  their  progress  to  a  si  ate  that  would 
necessitate  major  work  to  remedy.  When  com- 
pleted, the  preoperational  (daily)  inspections  are 
signed  off  on  the  Ground  Support  Equipment 
inspections  are  signed  off  on  the  Ground  Sup- 
port Equipment  Daily  Record  attached  to  the 
equipment  to  indicate  that  all  requirements  have 
been  complied  with. 

If  the  equipment  is  used  more  than  once 
during  the  day,  a  brief  inspection  should  be 
performed  prior  to  each  use.  This  inspection 
need  not  be  as  detailed  as  the  preoperational  in- 
spection. The  Ground  Support  Equipment  Daily 
Record  should  be  checked  to  insure  that  the  pre- 
operational inspection  has  been  completed. 

Special  maintenance  requirements  that  occur 
at  intervals  more  frequent  than  prescribed  for 
calendar  inspections  are  also  included  in  the 


preoperational  inspections  on  the  day  they 
become  due,  if  practicable.  (See  Special  Inspec- 
tions, described  later.)  ' 

3.  ;  Postoperational  inspections.  Before  se- 
curing equipment,  check  for  proper  operation. 
After  securing  (stopping)  the  equipment,  make  a 
visual  inspection  for  condition,  fuel  level,  oil 
level,  water  level,  etc.,  and  service  if  needed  so 
that  the  equipment  will  be  ready  for  the  aext 
use.  Replace  panels,  covers,  etc.,  to  protect  the 
equipment  from  the  weather. 

4.  Calendar  inspections.  The  calendar  in- 
spection was  formerly  known  as  a  periodic 
inspection.  On  some  of  the  older  items  of 
ground  support  equipment,  these  inspections  are 
still  referred  to  as  periodic  inspections. 

Calendar  inspections  are  overall  examinations 
of  a  specific  item  of  equipment.  The  interval 
between  inspectbns  depends  upon  the  type  of 
equipment.  The  intervals  may  be  in  terms  of 
days,  weeks,  months,  hours,  starts,  etc.,  or  some 
combination  of  these. 

5.  Special  inspections.  A  special  inspection 
depends  upon  occurrence  of  certain  circum- 
stances or  conditions,  or  a  maintenance  action 
with  a  prescribed  interval  occurring  more  fre- 
quently than  calendar  inspections.  Inspections 
required  at  intervals,  such  as  10  hours,  30  hours, 
and  7  days,  etc.,  are  usually  classified  as  special 
inspections.  These  inspections  are  accomplished 
by  the  using  activity  if  they  are  equipped  to  per- 
form them;  otherwise^  they  are  accomplished  by 
the  activity  having  pnme  custody  of  the  cquiiiment« 

The  using  activity  is  responsible  for  per- 
forming the  preoperational  and  postoperational 
inspections  just  discussed.  Acceptance  inspec- 
tions are  performed  by  the  accepting  activity, 
and  certain  special  inspections  and  calendar  or 
periodic  inspections  are  performed  by  the 
activity  having  prime  custody  of  the  equipment, 
usually,  the  Intermediate  maintenance  activity. 

Inspection  Procedures 

As  stated  in  chapter  3,  the  Service  Instruc- 
tions are  a  part  of  the  Op^tion  and  Service 
Instructions  Manual  which  often  contains  other 
instructions  and  the  parts  breakdown.  The  Ser- 
vice Instructions  contain  the  planned  periodic 
maintenance  requirements  for  the  applicable 
item  of  equipment*  The  maintenance  require- 
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Table  S-2.-Systeim  and  imiMetion  intervals 


System 

Hours  op.^rated 

Operation 

10 

50 

100 

200 

1000 

Engine 

Check  engine  oil  level 

X 

X 

X 

X 

X 

Change  engine  oil 

X 

X 

X 

Change  engine  oil  filter  element 

X 

X 

Retighten  cylinder  head  cap  scr^s 
(first  200  hr  only^ 

X 

Lubricate  carburetor  linkage 
and  choke  cable 

X 

X 

Check  engine  idle  speed 

X 

'  X 

Service  fuel  strainer 

X 

X 

X 

Lubricate  accelerator  linkage 

X 

X 

X 

X  ( 

Check  engine  compression 

X  ' 

Check  valve  clearances 

* 

X 

Electrical 
Svfitfim 

Hydrometer  check  battery;  check 
fluid  level  and  clean  terminals 

X 

X 

X 

Check  alternator  output  voltage 

X 

X 

Check  operation  of  light  and  control 
switches 

X 

X 

X 

Inspect,  clean,  regap  or  replace 
spark  plugs 

X 

X 

Check  distributor  point  setting 

X 

X 

Lubricate  distributor 

X 

X 

Check  starter  brushes  and 
commutator 

X 

X 

Blow  dust  from  starter  and 
alternator  ^ 

Lubricate  starter 

X 

X 

X 

X 

1  Check  ignition4iming 

X 

V 


ments  contained  in  tht  n:i.i5w.  ^  arc  j>ei  forth  in  a 
manner  to  specify  the  items  .4  be  inspected  or 
examined  and  the  conditions  to  be  sought  in 
each  case. 

The  Service  Instructions  contain  only  minor 
maintenance  procedures,  such  as  servicing, 
minor  adjustments,  and  lubrication  charts.  A  list 


of  the  required  special  tools  is  also  provided. 
The  applicable  troubleshooting  charts.  Repair 
Instructions,  or  Overnaul  Instructions  must  be 
consulted  for  the  correction  of  m^or  dis- 
crepancies. 

In  some  Service  Instructions  the  sc^eduled 
inspections  are  itemized  in  paragraph  form; 
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however,  most  of  the  later  publications  present 
these  inspections  in  table  form.  The  format  of. 
these  tables  varies  in  different  Service  Instruc- 
tions. A  portion  of  a  typical  table  is  illustrated 
in  table  8-2. 

Maintenance  Requirements 
Cards  (MRC*s> 

In  addition  to  the  inspection  procedures 
covered  in  the  Service  Instructions,  Maintenance 
Requirements  Cards  (MRC's)  are  provided  for 
each  major  type  of  sujyport  equipment.  These 
cards  provide  the  minimum  requirements  neces- 
'  sary  to  maintain  the  subject  equipment  in  a 
satisfactory  and  effective  operational  readiness 
condition  These  are  5x8  cards  arranged  by 
rating  and  work  area  to  provide  the, 
most  efficient  sequence  of  accomplishment.- 
Assembled  into  sets  and  numbered  in  sequence, 
the  cards  contain  pertinent  information  required 
by  each  maintenance  man  to  complete  each 
task. 

Individual  sets  of  MRC's  are  prepared  for 
preoperational  (daily)  and  calendar  (periodic) 
inspections.  Preoperational  Maintenance  Re- 
quirements Cards  list  those  requirements  neces- 
sary to  be  performed  by  the  using  activity. 
Calendar  Maintenance  Requirements  Cards  list 
the  responsibilities  of  the  activity  having  prime 
custody  of  the  equipment.  Special  Maintenance 
Requirements  Cards  are  cx)ntained  in  the  same 
set  and  have  the  Same  number  as  the  Preopera- 
tional Maintenance  Requirements  Cards.  The 
Special  Maintenance  Requirement  Cards  are 
marked  as  ''Special''  and  are  performed  by  the 
using  activity  if  so  equipped;  otherwise  they  are 
performed  by  the  activity  having  prime  custody 
of  the  equipment. 

MRC  sets  are  identified  by  the  publication 
num^-er  system  for  manual  publications  de- 
scribed  in  _  chapter  J^NW  ,  11-600-12^6^1  -and^ 
NA  19-600-24-6-4  are  examples  of  publication 
numbers  identifying  MRC  sets  for  ground  sup- 
port equipment.  The  prefix  NA  indicates  that 
the  cards  are  published  by  the  Naval  Air  Systems 
Command.  NW  indicates  that  the  cards  were 
published  by  the  old  Bureau  of  Naval  Weapons. 
As  the  NW  cards  are  revised,  the  prefix  will  be 
changed  to  NA.  The  numbers  17  and  19  are  the 


general  subject  classification  numbers  aligned 
to  ground  support  equipment.  (See  cha^r  3.) 
The  number  600  identifies  the  publication  num- 
ber as  MRCs.  \ 

The  next  number  (-12  and  -24  in  the  two 
'examples)  identifies  each  set  of  MRC's  with  a 
specific  item  of  equipment..  This  number  is 
sequential  for  each  of  the  17  and  1I9  series  and  is 
assigned  as  the  cards  are  developed.  . 

The  numbers  -6-1  are  .  signed  to  Preopera- 
tionaj  M.RC!s  and  the  numbers— 6«2— to  tiie- 
"Calendar  MRC's.  | 

NOTE::  Card  sets  presently  in  the  system 
numbered  NA  17  or  19-600-_-6  (Daily)  and 
NA  17  or  19-_-7  (Periodic)  will  retain  these 
ident'fyifig  numbers  until  superseded  by  a  new 
publication-  -^r  until  the  equipmei^t  is  phased 
out  and  the  Ciius  canceled. 

The  MRC  ,  ^^hich  are  available  for  ground 
5upmrt  equipment  are  listed  by  publication 
nuift)er  and  title  in  the  Navy  Stock  List  of 
Forms  and  Publications,  NavSup  Publication 
2002,  Section  VIII,  Part  C,  and  its  supplements* 
The  ordering  procedure  is  the  same  as  that  for 
manual  publications  described  in  chapter  3. 

NOTE:  No  pari  of  any  scheduled  mainte- 
nance is  certified  (signed  ofO  on.  the  Mainte- 
nance Requirements  Cards;  therefore,  they  may 
be  used  as  many  times  as  their  condition 
permits. 

The  Preoperational  and  Calendar  MRCs  are 
similar  in  design  and  arrangement;  therefore, 
only  Calendar  MRC's  are  discussed  in  this 
manual.  The  cards  are  arranged  as  follows: 

1.  Title  card.: 

2.  List  of  change  cards  (A  card). 

3.  Introductory  cards. 

4.  Tools  and  equipment  list  cards. 

5.  :  Work  area  and  diagram  charts. 

6.  Requirements  cards. 

The  title  card  contains  the  publication  num- 
ber, the  type  of  MRC  set,  j-he  type  and  model  of 
the  item  of  equipment, "and  the  dace  of  issue, 
including  tht  latest  change  date.  Also  included 
are  the  publication  number  and  date  of  issue  of 
publications  and  change  cards  that  have  been 
superseded  by  the  current  publication. 

The  A  card  is  printed  on  the  back  of  the  title 
card.  Its  main  purpose  is  to  list  the  cards  of  the 
set  thp*  have  -been  changed,  deleted,  or  added., 
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WOftK  AREA 

I  E<ectnc«l  System 
3    PoMr  Plant 


'CAfiDSET  date""!  CHAKCrO 


TIME  IN  HOURS  a  MINUTES  TO 
ACCOMPLISH  ALL  TASKS  ON  CARO 


INSPECTION 
INTERVAL 


CARD  NUMBER 


llCA* 
^  5 


TIME  KTG.ASC 
AKtA    NO.  I 


TIME  TO  ACCOMPLISH 
INDIVIDUAL  TASK 


WORK  AREA- 
(SEE  TOP  CARD) 


PERSONNEL  TITLE  OR. 
RATING  a  MAN  NUMBER 
(NOT  RATE)  _ 

MRC<^ 


r- 


SPECIFIC  POWER 
REQUIREMENTS 


CARD  SET  OATC  fCHAMtO 


Bc1.«/\.  rcM'     '  c-MUCHvt,  toil*,  trj«»(o*'^'»  «^  f«J)J»*r»  fo»  tvrtr««  0* y' 
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C      f  tk.1  i-uvn  »<>r  er,KfceJ  »i>^/Of  ttU».  P" 

,1     C  1  1      <w  eU  vh.v«i 

5     S  f       <  'hk  f-J'uiftmc**  J«»  cltlollrk  1* 

t    S«F».f  (I'll  4  iw  clolt.xi,  a»i«ft6»MK>><  *«<>  ff  owr  itM*j>^  »«f«li«  pitfff  *«r  <««Jft 

vvl  >  K  ^  .VI     nf  tOi»vc«<ftf I  *0f  tWOflOO  y 
J      P,      .'t,  IV  {lc>  '<r>CH  VhJ  V«ltri<y,  l»n»  f*-  C'»Ck#|6  *rid/»f  b'C*tO  tUW 


AtCA 


mUCATKM  NUMKR 


fLgC^MH  Off 


Figure  8-2.-Sampli  calandwr  maintcnanc*  requiramants  caHt. 
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The  tKte  card  and  A  card  are  similar  to  the  cover 
and  chafige  pages  of  manual  publications.  A  new 
card  is  issued  with  each  change  to  an  MRC  set. 
All  card  changes  are  listed  on  the  A  card. 

The  introductory  cards,  work  area  and  di^. 
gram  charts,  and  tools  and  equipment  list  caps 
are  numbered  consecutively,  front  and  back. 
They  are  numbered  in  lowercase  Roman  nur 
berals;  that  is,  i,  ii,  iii,  iv,  etc.,  as  required.  As^ 
illustrated  on  the  work  area  card  in  figure  8-2, 
there  are  four  blocks  across  the  lower  part  of 
each  card.  Reading  from  left  to  right,  these 
blocks  contain  the  card  number,  the  publication 
number,  the  latest  issue  date  of  the  card  set  and, 
if  applicable,  the  latest  char date  of  the 
respective  card. 

The  introductory  cards  contain  a  general 
description  of  the,  type  of  requirements,  the 
inspection  schedule  (weeks,  hours,  starts,  etc.) 
for  the  type  of  equipment,  the  calendar  mainte- 
nance and  overhaul  intervals,  and  the  definition 
of  standard  terms  used  in  inspection  procedures. 
The  following  terms  and  their  definitions  appear 
on  the  introductory  pards:, 

1.  Note.  An  information  item.  The  note 
precedes  the  item  to  which  it  refers. 

Caution.  Indicates  danger  to  the  system. 
The  caution  precedes  the  item  to  which  it  refers. 

3.  Warning.  Indicates  danger  to  personnel. 
The  warning  precedes  the  item  to  which  it 
refers. 

4,,  Visible  or  exposed..  The  term  applied  when 
inspection  requires  no  further  disassembly  or 
movement  of  equipment,  and  no  removal  of 
doors  or  panels  is  required  other  than  that 
specifically  detailed. 

5..  Evidence.  An  indication  of  an  existing 
condition;  e.g.,  hydraulic  fluid  dripping  from  an 
enclosed  section  is  evidence  of  a  leak. 

6.  Damage.  A  harmful  condition  caused  by 
an  abnormal  force  or  object\ 

7.  Security,,  An  item  firmly,  positively,  and 
safely  attached  in  the  approved  manner. 

8.  Specified.  Refers  to  a  definite  amount, 
operation,  or  limitation 

9.  Obvious.  Easily  seen  or  understood,  clear 
to  the  eye  or  mind,  not  to  be  doubted. 

A  work  area  card  for  the  NS-50/NS-60 
Mobile  Airplane  Crash  Crane  is  illustrated  in 
figure  8-2  (A).  The  tools  and  equipment  lists 


cards  contain  a  list  of  special  tools  and  equip- 
ment necessary  to  perform  the  maintenance 
requirements  cited  on  the  requirements  cards. 
Standard  handtools  are  not  included  in  this  list.^ 
Also  Included  in  this  group  of  cards  are  lists 
of  con^mable  materials,  replacement  parts,  and 
Tcference  publications.  The  consumable  mate- 
rials l/st  includes  the  part,  type,  or  specificatioa 
ni^^er,  and  the  nomenclature  of  such  items  as 
Js,  greases,  c^iimng  solvents,  etc.,  required  to 
perttynn  tftFscheduled  periodic  maintenance 
requirements.  The  part,  type,  or  specification 
number,  the  nomenclature,  and  the  quantity  of 
parts  that  are  to  be  replaced  at  specific  intervals 
are  Usced  on  the  replacement  parts  list.  Such 
items  as  filters  and  seals  are  included  on  this  list. 
The  reference  publications  are  those  publica- 
tions that  should  be  used  in  conjunction  with 
the  MRC's  to  perform  the  scheduled  mainte- 
nance inspections^^This  list  usually  includes  the 
appropriate  Operating,  Service,  Repair,  and 
Overhaul  Instructions  Manuals  and  applicable 
NavAir  Instructions, 

The  requirements  cards  are  the  working  items 
of  an  MRC  set,.  These  cards  contain  the  perti- 
nent information  required  by  each  maintenance 
man  to  complete  each  task.  Data  for  each  task 
includes  a  description;  the  time  required  to 
perform  the  task;  the  power,  tools,  equipment, 
and  material  requirements;  and  detailed  informa- 
tion on  such  items  as  adjustments,  pressures,  and 
torque  values.  Instructions  for  troubleshooting 
and  repair  of  defective  systems  and  components 
are  not  included:  The  appropriate  Instructions 
Manual  must  be  consulted  for  this  information. 

The  tasks  listed  on  the  cards  are  arranged  in 
the  most  efficient  order  for  accomplishment, 
both  by  the  sequential  arrangement  of  the  tasks 
listed  on  the  card  and  the  sequential  arrange- 
ment of  the  cards.  Ihis  arrangement  is  deter- 
mined by  such  factors  as  interval  of  inspection, 
different  systems,  power  requirements,  etc. 

The  first  requirement  card  is  numbered  1  on 
the  front,  and  the  back  (including  any  required 
illustrations)  is  numbered  1.1.  Required  con* 
tinuation  cards  are  numbered  with  additional 
decimal  suffixes,  for  example,  1.2,  1.3,  etc.  The 
next  card  is  immbered  2  on  the  front  and  2.1  on 
the  back*  Continuation  cards  are  numbered 
2.2,  2.3,  etc.  This  numbering  system  continues 
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tJurough  the  card  set. 

The  quantity  and  arrangement  of  the  require- 
Its  cards  vary  with  different  types  of  equip- 
ment.: The  arrangement  of  the  cards  for  one 
model  of  Gas  Turbine  Compressor  is* 

1. ^  Card  I.:  Inspection  intervals  of  5  hours  or 
50  starts.  System:  Turbine  wheel  cxducer.  Card 
numbers:  1  and  1.1., 

2.  Card  2.  Inspection  intervals  of  50  hours  or 
250  starts.  System:  Engine  accessory  section. 
Card  numbers:  2  and  2.1. 

3.  Card  3,  Inspection  intervals' of  100  hours 
or  500starts»  System:  Trailer.  Card  numbers:  3 
and  3.1.. 

4.  Card  4..  Inspection  intervals  of  100  hours 
or  500  starts.  System:  Engine  and  enclosure. 
Card  numbers:  4  through  4.2 1 . 

5.  Card  5,  Inspection  intervals  of  200  hours 
or  1,000  starts.  System:  Compressor  section. 
Card  numbers:  5  and  5.1.: 

6.  Card  6.  Inspection  intervals  of  100  hours 
or  500  starts.  System:  Lubrication.  Card  num- 
bers; 6  and  6.1.: 

7.  Card  7,  Inspection  intervals:  Semiannual- 
ly. System:  Wheel  bearing  lubrication.  Card 
numbers:7  and  7.1. 

8.  Card  8.  All  inspection  intervals.  System: 
Operational  check.  Card  numbers:  8  through 
8.4. 

The  introductory  card  of  this  set  of  MRC's 
lists  the  card  numbers  which  are  required  for 
each  inspection  interval.  For  example,  the 
interval  of  100  hours  or  500  starts  requires  the 
use  of  cards  3,  4,  6,  and  8,  In  some  instances, 
this  information  is  given  on  each  card. 

Refer  to  the  requirements  card  shown  in 
figure  8-2  (B).  Most  of  the  information  on  the 
cards  is  self-explanatory  and  only  a  few  of  the 
more  complicated  blocks  arc  discussed  in  the 
following  paragraphs. 

The  numbers  listed  in  the  MAN  MIN  column 
indicate  the  man-minutes  required  to  accomplish 
each  of  the  tasks  on  the  card.  The  total  of  these 
numbers  (including  those  on  continuation  cards) 
appears  in  the  TIME  block.  Hence,  it  requires 
one  man  10  hours  to  perform  all  tasks  on  the 
\   requirements  card  shown  in  figure  8-2  (B). 

NOTE:  Many  of  the  MRC's  for  support 
*    equipment  do  not  contain  the  time  requirements 


for  the  various  tasks.  As  new  cards  are^fistab- 
lished  on  the  different  items  of  equipm/nt,  they 
will  reflect  the  appropriate  numbe/ of  man- 
minutes,  y 

The  MOS.  NO,  block  pertains  ^6  the  Marine 
O^ccupational  Specialty  and  corresponds  to  the 
Rating  (RTG)  block  directly  alWve  it.. 

The  numbers  in  the  WOR^  AREA,  column 
refer  to  the  area  numbers//6n  the  appropriate 
work  area  card  as  illustrated  in  figure  8-2  (A)., 

The  Electrical  Power  (£LEC  PWR)  and 
Hydraulic  Power  (HYD  I^WR)  blocks  indicate  by 
the  entry  ON  or  OFF  whether  or  not  power  is 
required  to  accomplish  the  tasks  fisted  on  the 
particular  card.  If  cq/npletion  of  the  work  stated 
on  the  card  does/not  require  power  and  the 
work  may  be  a^ccomplished  safely  with  the 
power  on,  N/A/(Not  Applicable)  is  entered  in 
the  appropriate /blocks. 

In  addition  to  the  tasks,  many,.,Jtems^l 
information  to  aidjhe^iiecbsmic^  perfor- 
mance of  the-tasks  are  listeT  at  appropriate 
places  on  the  cards.  These  items  are  in  the  form 
of  NOTES,  WARNINGS,  CAUTIONS,  etc. 

A  Maintenance  Action  Form  (MAP),  de- 
scribed in  Military  Requirements  for  Petty 
Officer  3  &  2,  NavPers  10056  (Series);  is  used  to 
initiate  a  periodic  inspection.  A  single  copy 
MAF  is  issued  to  the  check  crew  personnel  each 
time  a  segment  of  the  MRC  set  is  issued  for 
accomplishment,  (In  the  case  of  ground  support 
equipment  which  is  not  provided  with  MF;C*s, 
the  MAF  is  issued  alone,  and  the  scheduled 
inspection  listed  in  the  applicable  Service  In- 
struction Manual  is  accomplished.) 

When  the  inspection  or  servicing  requirements 
specified  on  the  cards  are  fulfilled,  the  MAF  is 
completed  by  the  person  accomplishing  the 
work  and  returned  with  the  MRC*s  to  the  work 
center  supervisor.  Any  uncompleted  MRC*s  are 
also  returned  to  the  supervisor.  The  supervisor 
issues  the  necessary  MAF's  for  correction  of 
discrepancies  which  cannot  be  corrected  by  the 
periodic  maintenance  inspection  crew. 

Upon  completion  of  the  inspection,  appro- 
priate entries  are  made  in  the  applicable  Ground 
Support  Equipment  Sub-Custody  and  Mainte- 
nance R'ecord,  and  Ground  Support  Equipment 
Custody  and  Maintenance  Record.  These  forms 
are  discussed  in  chapter  2  of  this  manual. 
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CORRECTIVE  MAINTENANCE 

With  the  preventive  maintenance  program 
presently  in  effect,  the  need  for  corrective 
VUlienance  should  be  limited  to  only  the 
ooirective  actions  required  by  normal  wear. 
However,  due  tQ  unqualified  personnel  operating 
the  equipment,  and  to  just  plain  carelessness, 
this  is  not  the  case.  These  two  factors  account 
for  the  miyor  portion  .of  *he  correctivei  mainte* 
nance  actions  required.  AS  personnel  can  do  two 
things  that  will  help  eliminate  these  problems; 
first,  become  well  qualified  on  all  the  equipment 
assigned;  and  second,  take  advantage  of  every 
situation  where  it  is  possible  to  teach  others  in 
the  proper  operation  and  care  of  the  equipment. 

When  a  malfunction  does  occur,  the  trouble 
obviously  must  be  located  and  repairs  made. 
Equipment  that  has  a  malfunction  should  be 
ta^ed  to  indicate  the  malfunction  and  shoukl 
hot  be  used  unless  required  in  an  emeigency. 
Even  a  minor  malfunction  could  progress  to  the 
point  of  being  a  safety  hazard  to  personnel, 
equipment,  and  surrounding  objects. 

Troubkshooting 

Troubleshooting  performed  by  a  maintenance 
crew  consists  mainly  of  isolating  and  correcting 
malfunctions  which  are  found  during  opera- 
tional checks  and  periodic  inspections^  or  during 
the  checking  of  discrepancies  after  a  piece  of 
equipment  has  been  used.  Some  troubles  may  be 
rather  simple  and  obvious,  while  others  will  be 
complex  and  time  consuming.  The  technician 
will  find  through  experience  that  the  more 
familiar  he  becomes  with  his  equipment  the 
simpler  his  troubles  will  seem.  Although  ex- 
perience and  familiarity  with  the  equipment  are 
necessary,  the  technician  must  also  use  a  syste- 
matic, logical  approach  for  the  isolation  of 
troubles. 

The  process  of  component  isolation  by  k>gical 
reasoning  and  thought  will  eliminate  unnece^ 
sary  replacement  of  equipment  components,  and 
a  saving  of  both  time  and  labor  will  be  realized. 
The  technician  should  analyze  the  information 
he  has  at  hand,  such  as  the  indications  obtained 
from  the  operational  check,  or  the  information 
contained  in  the  operator's  discrepancy  report. 


He  can  them  eliminate,  by  logical  reasoning, 
many  of  the  system's  components  as  possible 
sources  of  trouble.  He  may  often  isolate  the 
trouble  to  a  particular  component,  allowing 
replacement  of  one  component  instead  of  a 
haphazard  exchange  of  components  in  hopes  of 
finding  the  trouble. 

NOTE:  The  operator's  disaepancy  report 
should  be  considered  very  carefully,  because  the 
operator  rfiay  not  be  thoroughly  familiar  with 
tha  equipment  and  the  report  may  be  in  error. 
Operational  checks  shoukl  be  performed  under 
load  or  operating  conditions;  otherwise,  the 
malfunction  may  not  be  apparent  or  indications 
may  be  misleading. 

In  order  for  the  technician  to  become  a 
proficient  troubleshooter  he  must  utilize  the 
various  aids  available  to  him.  The  wiring  dia- 
grams, functional  drawings,  and  troubleshooting 
information  contained  in  the  appropriate  equip- 
ment manual  should  be  fully  utilized*.  This  in- 
formatton  is  especially  useful  in  checking  power 
distribution  and  other  electrical  circuits  through- 
out the  different  components  of  the  system. 
Voltage  and  resistance  charts  are  also  a  great  aid 
when  isolating  a  trouble  to  a  particular  part  or 
subassembly. 

These  are  but  a  few  of  the  aids  to  efficient 
troubleshooting.  The  ability  of  a  troubleshooter 
will  depend  upon  his  proficiency  in  utilizing  the 
tools  and  information  at  his  oonunand. 

The  first  togical  step  after  the  unit  has  been 
delivered  to  the  shop,  saeened,  and  inducted 
into  the  repair  channels  is  a  visual  check  of  the 
unit  as  previously  described.  It  should  be 
thoroughly  inspected  for  broken  leads,  parts 
that  are  bun.^d^  loose  mountings,  and  any  other 
indications  of  failure.  If  no  defects  are  found, 
power  may  be  applied  to  the  equipment.  The 
unit  should  be  observed  for  any  signs  of  over- 
heating or  excessive  current  consumption. 

In  the  preliminary  check,  the  experience  of 
the  technician  is  an  important  factor,  and  the 
knowledge  gained  from  previous  difficulties  with 
the  equipment  often  sorves  as  a  guide  in 
knowirg  what  to  expect.  Both  the  experienced 
and  the  inexperienced  technician  can  find  assis- 
tance in  preliminary  checking  by  consuhing  the 
Service  Instruction  Manual  for  the  specific 
equipment  invohred,  since  these  manuals  often 
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give  detailed  procedures  for  making  the  initial 
inspections.  However,  many  electrical  faults  do 
not  result  in  symptoms  which  can  be  detected 
visibly  or  audibly,  and  it  is  frequently  necessary 
to  resort  to  other  methods  of  detecting  com- 
ponent failure. 

Voltage  measurements,  which  are  often  used 
to  find  defective  parts,  are  made  at  various 
points  in  the  area  suspected  of  being  at  fault. 
The  observed  voltage  values  are  then  compared 
with  the  normal  voltage  values;  from  this  com- 
parison the  defect  can  often  be  isolated.  Voltage 
checks  are  most  effective  when  applied  after 
previous  checks  have  been  made  to  partially  lo- 
calize the  defect.  This  is  true  because  modem 
equipment  is  complex  and  a  great  deal  of  time 
would  be  required  to  check  all  the  voltages  pre- 
sent in  all  the  circuits. 

Resistance  measurements  are  used  in  a  man- 
ner similar;  to  voyage  measurements  except  that 
electrical  power  must  be  removed,  then  rfg 
sistance  values  are  measured  with  an  ohmmeter. 

The  resistance  values  are  then  compared  with 
the  normal  values  given  in  the  maintenance 
publications.  This  method,  like  the  voltage 
measurement  method,  is  most  effectively  used 
after  the  trouble  has  been  isolated  to  a  parti- 
cular unit  or  circuit,  since  reliance  on  resistance 
measurement  alone  is  too  time  consuming  to  be 
efficient.  After  the  trouble  has  been  isolated,  the 
ohmmeter  is  a  very  useful  instrument  and  often 
leads  the  technician  to  the  trouble  quickly. 

Current  measurements  may  also  be  made  in 
various  circuits  of  the  equipment  to  detect  the 
presence  of  abnormal  current  values.  Aft^r  the 
currents  have  been  measured,  the  readings  are 
compared  with  the  normal  values  given  in  the 
maintenance  manuals. 

After  tocating  the  malfunction  in  the  equip- 
ment, steps  are  taken  to  make  the  necessary 
repairs.  General  repair  materials  and  procedures 
for  making  general  repairs  are  covered  later  in 
this  chapter.  For  information  on  specific  repair 
materials  and  procedures  for  a  particular  type 
and  model  of  equipment  refer  to  the  Operation, 
Service  and  Repair  Manual  (Handbook)  atong 
with  Parts  Breakdown  and  Overhaul  Instruc- 
tions* 


Performance  Testing 

It  is  necessary  to  make  a  check  of  the 
equipment's  performance  after  each  periodic 
inspection  or  corrective  maintenance.  The  sys- 
tem performance  check  is  a  complete  opera- 
tional check  of  the  system  in  all  modes  of 
operation.  This  check  serves  to  determine  if  any 
other  malfunctions  are  present  and  allows 
evaluation  of  overall  system  performance. 

Final  Checks 

The  final  check  consists  of  a  complete  and 
thorough  inspection  of  all  the  components,  and 
replacement  of  all  inspection  panels,  p^tes,  and 
other  equipment  removed  during  the  uispection 
or  while  performing  maintenance.  This  includes 
the  use  of  safety  wire,  stop  nuts,  and  other 
means  for  securing  equipment  When  needed. 

The  final  checks  also  include  removal  and 
stowage  of  workstands,  power  vehicles,  and 
other  equipment.  Collect,  clean,  account  for, 
and  stow  all  tools  in  their  respective  places.  The 
last  but  very  important  check  to  make  is  the 
condition  of  the  working  area.  Insure  all  toose 
materials  such  as  nuts,  bolts,  washers,  bits  of 
safety  wire,  and  other  articles  are  picked  up  and 
properly  disposed  of  and  the  working  area  is  left 
in  a  clean  condition. 

NOTE:  If  an  area  is  left  cluttered  and  dirty 
after  a  job,  it  becomes  a  safety  hazard  to 
personnel  and  equipment.  Personnel  may  fall, 
equipment  may  skid,  or  the  litter  may  be  picked 
up  and  ingested  by  jet  engines.  These  engines  are 
especially  susceptible  to  foreign  object  damage 
(FOD)  by  anything  left  adrift. 

REPAIR  MATERIALS  AND 
PROCEDURES 

Ground  support  equipment  is  usually  com- 
posed of  assemblies  and  sujbassemblies  with 
interconnecting  cables  and  cor^nectors.  The  ASE 
must  become  proficient  not  Only  in  the  opera- 
tion but  also  the  repair  of  these  systems. 
Therefore,  he  must  ht  jome  familiar  with  general 
repair  materials  and  the  procedures  for  using 
these  materisils.'  In  the  foUowing  paragraphs  a 
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^icty  of  components  are  discussed,  including 
likely  malfunctions  that  are  apt  to  develop  and 
the  methods  of  correcting  these  malfunctions. 

MOTORS  AND  GENERATORS 

Rotating  machinery  should  be  inspected  and 
cleaned  at  prescribed  intervals  and  whenever 
repairs  to  the  machinery  are  made.  For  such 
cleaning  and  inspection,  the  following  procedure 
is  suggested:; 

L.  Unfasten  and  remove  end  covers. 

2.  Remove  any  dust  and  dirt  from  machine 
and  end  covers,  using  clean,  dry,  compressed  air 
or  a  soft  brush. 

3.  Loosen,  gently  remove,  and  inspect 
brushes,  being  extremely  careful  not  to  nick  or 
mar  edges  of  brush.  Note  the  location  and 
position  from  whicii  each  is  removed  so  that  it 
can  later  be  replaced  in  exactly  the  same 
position. 

4.  Check  cbmmutators  or  slipiings  for  ex- 
cessive wear,  pitting,  dirt,  thrown  solder,  or 
other  defects.  A  highly  polished  commutator  or 
slipring  is  desirable,  but  a  dark-colored  one 
diould  not  be  mistake^  for  a  burned  one.  If  the 
surface  is  dirty,  ckan  with  a  lint-free  cloth 
moistened  with  a ^cleaning  solution,  then  wipe 
dry.  Avoid  finger  mprking  the  commutator  or 
Slipring  surfaceyDody  acids  are  corrosive. 

5.  Secure  ^  brushes  in  their  holders,  making 
certain  they  are  replaced  in  exactly  the  position 
from  which  they  were  removed.  Be  very  careful 
that  the  brush  spring  does  not  snap  down  and 
break  the  brush. 

6.  Replace  and  secure  end  covers. 

Sliprings 

SUprings  are  solid  metal  rings  mounted  on  the 
rojor  of  a-c  machines  for  transferring  the  power 
to  or  from  external  circuits  through  brushes  or 
wipers.  Sliprings  are  usually  made  of  copper, 
bronze,  or  other  nonferrous  metals. 

While  they  vary  in  size  and  type,  the  mainte- 
nance of  sliprings  in  essentially  the  same  for  all 
types.  They  should  be  inspected  periodically  for 
wear,  grooving,  and  cleanliness.  Normally,  the 
surface  of  the  rings  should  be  bright  and 
.nooth. 


The  connection  to  the  rings  is  by  brushes  or 
wipers.  Wiper  contacts  are  used  with  devices  that 
do  not  require  high  current  and  consequently 
require  only  light  pressure  when  making  contact. 
Excessive  pressure  will  result  in  excessive  wiper 
wear,  because  the  wiper  contact  is  usually  of  a 
softer  material  than  the  rings.  Any  contacts 
showing  considerable  wear  should  be  replat:ed. 

Grease  and  oil  can  be  removed  from  the 
sliprings  by  using  an  approved  cleaning  solvent. 
Moisten  a  clean  lint  free  cloth  with  the  solvent 
and  wipe  the  grease  or  oil  from  tlie  sliprings. 
Care  should  be  used  to  prevent  the  solvent  from 
entering  the  bearing,  because  solvent  will 
neutralize  oil  or  grease  and  cause  the  lubricant 
to  flow  out  of  the  bearing. 

A  high-resistance  film  or  coating  can  be 
removed  from  the  sliprings  by  using  No.  0000 
(or  finer)  sandpaper  or  c/ocus  ctoth,  folded  over 
a  thin,  flat  stick  so  good  contact  will  be  made. 
Apply  a  light  even  pressure  with  the  stick  and 
rotate  the  shaft  slowly  by  hand.  Dust  and  dirt 
can  be  blown  out  by  using  clean  dry  tow-pres- 
sure air.  Direct  the  air  so  the  dust  and  dirt  will 
be  blown  out  of  the  component;  otherwise, 
^damage  may  result  to  the  component. 

If  sliprings  are  rough,  scratched,  or  grooved, 
corrective  action  must  be  taken.  They  can  be 
smoothed  with  a  fine  sandpaper  or  ctocus  cloth 
if  the  damage  is  minor.  However,  care  should  be 
exercised  not  to  cause  high  and  tow  spots  that 
will  interfere  with  high-speed  operation.  If  the 
sliprings  show  excessive  damage,  the  component 
must  be  replaced. 

Commutators 

Commutators  have  been  called  the  "soft 
spot"  of  d-c  machinery  because  they  require 
considerable  maintenance.  Unlike  the  slipring, 
the  commutator  is  a  series  of  copper  segments  - 
separated  by  insulatdrs.  When  the  brushes  make 
contract  with  a  pair  of  segments,  an  armature 
coil  is  connected  into  the  circuit.  Thus,  when 
the  motor  or  generator  is  moving,  the  brushes 
and  commutator  switch  coils  in  and  out  in  the 
proper  sequence. 

The  normal  appearance  of  the  commutator  is 
a  shiny,  smoothly  worn,  chocolate  brown  color. 
A  blackened  or  pitted  commutator  is  caii»e4  by 


ERLC 


166 
!  ^  171 


Chapter  8  ~  SERVICING  AND  MAINTENANCE 


poor  brush  and  segment  contact,  open  or 
shorted  coils,  overloads,  etc.  If  the  brushes  are 
causing  the  blackened  appearande,  they  should 
be  replaced  and  the  commutator  should  be 
cleaned.  Cleaning  is  accomplished  by  using  an 
approved  cleaning  solvent.  No.  0000  sandpaper, 
or  crocus  cloth,  as  was  used  for  the  sliprings. 
Never  use  emery  cloth  to  clean  sliprings  or 
commutators,  because  the  emery  grit  is  an 
^  electrical  conductor  and  will  cause  a  short 
circuit.  "^Another  much  used  method  of  cleaning 
the  commutator  utilizes  a  commutator  stone. 
An  advantage  of  this  method  is  that  the  stone 
can  be  used  while  the  prime  mover  is  turning  the 
commutator.  The  stone  is  very  fine  and  wUl  give 
the  commutator  a  very  clean,  smooth  surface 
unless  the  commutator  has  more  than  minor 
damage.  Clean  dry  low-pressure  air  should  also 
be  used  for  removing  dust,  dirt,  and  other 
foreign  matter.. 

If  the  fault  is  other  than  brush  and  segment 
contact  (that  is,  a  short  or  open  coil),  the 
machine  should  be  sent  to  overhaul. 

Another  fairly  common  defect  is  high  mica. 
As  the  copper  segments  of  the  commutator 
wears  down,  the  mica,  which  is  the  insulation 
separating  the  segments,  does  not.  Con- 
sequently, the  mica  may  be  higher  than  the 
segments.  The  high  mica  lifts  the  brush  every 
time  it  passes  underneath;  this  results  in  arcing 
because  the  brush  is  constantly  breaking  con- 
tact. High  mica  can  be  detected  by  rubbing  the 
fingernail  over  the  surface  of  the  commutator. 
There  should  be  a  small  depression  between  the 
segments,  but  if  there  is  high  mica,  this  de- 
pression disappears.  Undercutting  is  the  remedy 
for  high  mica,  but  the  undercutting  operation 
should  be  attempted  only  under  the  advice  and 
guidance  of  an  experienced  repairman. 


Brushes  \ 

Brushes  are  found  in  numerous  sizes  and 
shapes  and  are  made  of  various  materials  and 
compounds.  Many  brushes  used  in  equipment 
are  made  of  a  composition  of  graphite  and  other 
forms  of  carbon.  In  all  probabUity,  the  majority 
of  the  maintenance  an  ASE  w^  perform  on 
rotating  machinery  will  be  'concerned  with 


brushes.  Brushes  should  be  checked  for  wear, 
chipping,  oil  soaking,  sticking  in  the  brush 
holders,  spring  tension,  length,  and  area  of 
contact  with  th  j  commutator.  If  for  any  reason 
a  brush  is  removed,  it  should  be  marked  or 
tagged  so  it  may  be  replaced  in  the  same  brush 
holder  and  in  the  same  position  it  occupied 
before  removal. 

Brushes  that  show  excessive  or  improper 
wear,  chipping,  or  that  are  oil  soaked  should  be 
replaced.  Consult  the  maintenance  manual  for 
the  CORRECT  replacement. 

It  is  important  that  the  brushes  be  changed 
before  they  are  completely  worn  away  in  order 
to  prevent  damage  to  the  equipment  in  which 
they  are  used. 

In  order  that  the  technician  can  tell  when 
replacement  is  necessary,  a  brush  marking  sys- 
tem has  been  developed.  Brushes  are  marked 
with  a  readily  noticeable  groove  in  their  edge  to 
indicate  aUowable  wear.  This  groove  extends 
from  the  top  of  the  brush  down  to  a  point  of75. 
percent  of  the  brush  wearing  depth.  (TheTop  is 
the  end  opposite  the  wearing  face.)  Thus,  if  the 
brush  r  orn  down  to  the  groove,  it  must  be 
repla^  it'  no  groove  is  present,  consult  the 
equVment  manual  for  acceptable  minimum 
brush  lengths. 

Some  new  brushes  are  ready  for  use;  that  is, 
the  brush  face  is  slightly  concave  so  that  it 
conforms  to  the  shape  of  the  commutator. 
However,  some  new  brushes  are  not  ready  for 
use  and  must  be  sanded  in.  This  sanding  or 
seating,  can  be  accomplished  by  wrapping  the 
fine  sandpaper  around  the  commutator.  The 
paper  is  placed  sand  side  up  with  a  lap  following 
the  direction  of  normal  rotation  of  the  device, 
and  is  held  in  place  by  a  rubberband.  Do  not  use 
glue  or  tape.  The  brushes  are  placed  in  their 
holder  under  spring  tension,  and  the  armature  is 
rotated*  slowly  by  hand  in  the  direction  of 
normal  rotation.  In  so  doing,  the  contact  sur- 
faces of  the  brushes  are  sanded  until  their 
contact  surfaces  match  the  curvature  of  the 
commutator.  The  carbon  dust  from  the  brushes 
must  be  removed  from  tne  device  by  dry 
compressed  air  followed  by  cleaning  with  safety 
solvent. 
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Bearings 

Antifriction  bearings  are  either  of  ball  or 
roller  constr*  rtion.  Although  either  type  may  be 
found,  the  most  commonly  used  in  rotating 
electrical  machinery  is  the  ball  type. 

Ball  bearings  may  be  chzMkd  as  open  or 
sealed.  Sealed  bearings  ire  prelubricated  and 
require  almost  no  attention  during  normal 
operation  of  the  equipment  in  which  they  are 
installed;  open  bearings  require  periodic  cleaning 
and  lubrication.  Do  not  assume  a  motor  or 
generator  uses  sealed  bearings- check  the 
maintenance  manual  for  the  equipment  being 
serviced. 

For  proper  maintenance  and  lubrication  of 
ball  bearings,  the  detailed  recommendations  of 
the  manufacturer  as  given  in  the  Service  In- 
struction Manual  should  always  be  followed.  In 
the  inspection  of  ball  bearings,  the  assembly  is 
slowly  rotated.  Bearings  showing  pronounced 
stickiness  or  bumpy  operation  should  be  re- 
placed. The  bearings  are  also  inspected  for 
cracks,  rough  or  pitted  surfaces,  and  damaged 
balls. 

Open  type  ball  bearings  may  be  cleaned  and 
'  lubricated  as  follows: 

'1.  Wipe  the  outside  of  the  bearings  clean, 
using  a  clean  cloth. 

2.  Wash  the  bearings  thoroughly  in  cleaning 
solution  in  accordance  with  sp^ifications. 

3.  Shake  oTf  excessive  cleaning  solution  and 
lay  the  bearing  on  a  clean  surface  to  thoroughly 
dry  before  repacking. 

4.  Relubricate  by  packing  the  bearing  one- 
fourth  to  one-third  full  with  the  prescribed 
lubricant. 

5.  Wipe  off  any  excess  lubricant. 
Excessive  lubrication  leads  to  bearing  trouble, 

and  may  result  in  too  much  grease  in  the  slipring 
or  commutator  compartment  of  the  machine.  " 
Brush  and  slipring  wear  increase  appreciably  if  a 
large  amount  of  lubricant  is  present.  Further,  a 
large  amount  of  lubricant  may  resuh  in  "soak- 
ing'' of  the  brushes;  aJso,  it  may  mix  with  the 
carbon  dust  from  the  brushes  and  short  out  the 
segments  of  the  commutator.  Insufficient  lubri- 
cation will,  of  course,  result  in  wear,  heating, 
and  possible  seizing  of  the  bearing. 
NOTE:  To  prevent  damage  to  the  bearings 


during  removal  and  installation,  alw^/s  use  the 
tools  specified  in  the  maintenance  manual  for 
the  equipment  being  serviced. 

Bushings 

A  bushing  is  sometimes^  referred  to  as  a 
friction  bearing.  The  friction  bearing  provides  a 
bearing  surface  between  two  metal  surfaces 
which  have  been  machined  to  close  tolerances.  A 
bushing  is  a  cylindrical  or  sleeve  type  bearing 
sometimes  used  to  support  the  end  of  a  rotating 
shaft.  Most  bushings  are  used  in  places  where 
friction  is  not  a  major  factor.  They  are  often 
found  in  starters  where  they  are  used  to  support 
the  starter  armature  shaft.  A  bushing  is  usually 
made  of  a  metal  which  is  softer  than  that  of  the 
shaft  which  it  suppons.  This  provides  a  bearing 
surface  which  may  be  replaced  when  worn.  Even 
though  the  bushing  is  used  in  places  where 
friction  is  not  the  major  factor,  it  is  used  to 
reduce  friction. 

In  order  for  the  bushing  to  reduce  friction, 
some  type  of  lubrication  must  be  provided. 
Several  methods  are  employed  to  lubricate  the 
bearing  surface  betWeen  the  bushing  and  the 
shaft  which  it  supports^  one  of  which  is  to  make 
the  bushing  of  a  porous  metal  and  impregnate  it 
with  a  lubricant.  An  example  of  this  method  is  a 
graphite-impregnated  bronze  bushing. 

Removal  and  installation  of  bushings  require 
the  use  of  special  bushing  driver?  which  are 
available  in  various  sizes.  After  installation,  some 
bushings  must  be  reamed  to  fit  the  shaft  they 
are  to  support.  Hand  reamers  arc  available  in 
various  sizes  "or  this  purpose,  / 

CIRCUIT  PROTECTORS 

To  protect  the  electrical  systems  of  ground 
support  equipment  from  damage  and  failure 
caused  by  the  excessive  current,  two  kinds  of 
protective  devices  are  used-fuses  and  circuit 
breakers. 

Fuses  / 

The  simplest  protective  device  is  the.f6se.  A 
fuse  is  a  length  of  wire  or  metal  ribb^n^ncloscd 
in  a  suitable  insulating  body.  V^\%  wire  or 
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CLIP  TYPE  HOLDER 


POST  TYPE  HOLDER 


(TIME  DELAY) 


CURRENT  LIMITER 
(COPPER  FUSE) 


ATSO 


Figure  8-3.-Commofi  fuses  and  fuse  holders. 


ribbon,  referred  to  as  the  fuse  link  or  fuse 
element,  is  usually  constructed  of  an  alloy  which 
has  a  low  melting  point,  and  is  of  a  size  which 
will  carry  a  predetermined  amount  of  current 
indefinitely*  A  larger  amount  of  current  will 
cause  the  fuse  element  to  heat  and  melt,  opening 
the  circuit  to  be  protected.  A  fuse  is  always 
placed  in  series  with  the  protected  circuit.  When 
a  fuse  element  is  melted,  ine  fuse  is  said  to  be 
"blown/* 

Fuses  are  usually  rated  in  terms  of  current 
and  voltage.  Cunent  ratings  may  be  in  amperes 
or  a  fraction  of  an  ampere.  The  voltage  rating  is 
the  maximum  voltage  the  fuse  constmction  wiU 
safely  handle  without  arcing;  when  a  fuse  blows, 
the  entire  applied  voltage  of  the  circuit  appears 
across  it.  Therefore,  the  voltage  rating  of  the 
fuse  should  be  high'^r  than  the  maximum  circuit 
voltage* 


Normally,  when  a  circuit  is  overloaded  the 
fuse  blows;  however,  all  *^1own  fuses  are  not  the^ 
result  of  current  overload.  -  mormal  production 
of  heat,  aging  of  the  fuse  element,  poor  contact 
due  to  loose  connections,  corrosion  within  the 
fuse  holder,  and  the  temperature  of  the  siu- 
rounding  atmosphere  are  conditions  which  will 
alter  the  protection  characteristics  of  a  fuse. 

The  type  of  fuse  most  commonly  used  in 
ground  support  equipment  is  the  cartridge  fuse 
which  consists  of  an  element  enclosed  in  a  tube 
of  insulating  material  (glass  or  bakelite),  having  a 
metal  cap  on  each  end  for  contact  with  the  fuse 
holder.  Some  common  types  of  fuses  and 
holders  are  shown  in  figure  8-3. 

The  dimensions  of  cartridge  fuses  vary  with 
the  current  and  voltage  rating  and  the  appli- 
cation. Current  and  voltage  ratings  are  usually 
stamped  on  the  end  caps. 


169 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


AT.51 

FKlure  a-4«-Puihbutton  reset,  tharmai  circuit  breekm. 


AE.56 

Figure  8-S«-Autoifi«tic  reset,  thermei  circuit  breeker. 

Cartridge  fuses  are  further  clj^ssified  as  in- 
stantaneous or  delayed-action  types.  The  in- 
stantaneous fuse  will  carry  its  rated  current 
indefinitely  but  will  quickly  blow  and  open  the 
circuit  when  its  rated  capacity  is  exceeded. 
Delayed-action  fuses,  commonly  called  "slow- 
blow"  fuses,  are  used  for  equipment,  such  a^ 
electric  motors,  which  require  more  current  for 
starting  than  for  normal  running.  An  in- 
stantaneous type  fuse  that  would  provide  ample 
running  protection  might  blow  during  the  start- 
ing period  when  high  current  is  required,  so  a 
delayed-action  fuse  is  used. 

Delayed-action  fuse  elements  can  be  con- 
structed in  several  ways.  The  one  most  com- 
monly us^  has  a  heater  element  in  series  with 
the  fuse  element,  and  current  above  that  of  the 


rated  value  for  a  short  time  has  little  or  no  effect 
Oj\  the  fuse  or  heater  elements.  However,  pro- 
longed overloads  cause  the  heater  to  become  hot 
enough  to  melt  the  junction  between  the  ele- 
ments, openijtig  the  circuit.  (See  fig.  8-3.) 

In  power  circuits  that  carry  high  current,  such 
as  mobile  electric  power  plant  aircraft  service 
cables,  another  protective  device  is  lised.  It  is 
called  a  current  limiter,  but  is  still  classified  as  a 
fuse.  (See  fig.  8-3.)  Current  limiters  are  con- 
structed with  a  coppeii  link  of  predetermined 
size  which  melts  and  opens  the  circuit  if  the 
overload  occurs.  Current  limiters  are  also  rated 
by  current  and  voltage. 

Circuit  Breakers 

A  circuit  breaker  is  designed  to  break  a  circuit 
and  stop  the  current  flow  when  the  current 
exceeds  a  specific  value.  It  is  commonly  used  in 
place  of  a  fuse  and  may  sometimes  eliminate  the 
need  for  a  switch.  A  circuit  breaker  differs  from 
a  fuse  in  that  it  "trips"  to  break  the  circuit  and 
may  be  reset,  while  a  fuse  melts  and  must  be 
replaced.  Circuit  breakers,  like  fuses,  are  rated  in 
amperes  and  volts* 

Circuit  breakers  are  commonly  categorized 
ac(X>rding  to  the  way  the  circuit  breaking  action 
is  initiated.  The  three  types  most  commonly 
used  are  thermal,  Magnetic,  and  thermo- 
magnetic,  the  most  widely  used  of  these  being 
the  thermal  type.  Thermal  circuit  breakers  are 
divided  into  subcategories  according  to  the 
means  by  which  they  are  reset. 

The  pushbutton  reset  type  circuit  breaker 
consists  of  a  bimetallic,  thermally  (heat)  actu- 
ated, spring  loaded  mechanism  which  closes  two 
electrical  contacts  when  set.  This  type  is  shown 
in  figure  8-4.  The  thermal  release  element  is 
made  by  welding  together  two  strips  of  different 
metals  having  different  thermal  expansion  rates. 
A  heater  is  mounted  around,  or  close  to,  the 
element  and  the  movable  contact  is  mounted  on 
the  element  itself.  An  excessive  current  causes 
the  heater  to  heat  the  element  and,  as  the 
element  expands,  it  bends  because  of  the  dif- 
ferent thermal  expansion  rates.  As  the  element 
bends*  it  releases  a  locking  mechanism.  This 
release  permits  spring  loading  to  rapidly  separate 
the  movable  and  stationary  contacts.  The  circuit 
I 


1.  Stationary  contact 

2.  Arc  supprasiorf . 

3.  Tarminal  stud  nuts  «icl 
washars. 

4.  Trip  unit  Itna  tarminal  scraw-outar 
polas. 

5.  Trip  unit  llna  tarminal  scraw-cantar 
pola.  ^ 

6.  Trip  unit  namaplata. 


7.  Tarminal  barriart. 

8.  Shunt  tfip* 

9.  Auxiliary  swttcli. 
^0.  Hola  for  shunt  trip 

undarvottaga  ralaasa  plungar. 

11.  Instantanaous  trip 

,  adjusting  whaals. 
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Figura  8*6.-Tharmo-magnatic  circuit  braakar. 


breaker  in  figure  8-4  is  shown  in  its  tripped 
condition;  as  indicated  by  the  arrows,  when  the 
pushbutton  is  pushed  in,  the  movable  contact 
mechanism  engages  the  thermal  release  element 
to  lock  the  contact  points  together  until  another 
current  overtoad  causes  the  thermal  element  to 
move  downward  and  relea^  the  movable  con- 
tact again. 

A  visual  indication  of  the  tripped  condition  of 
this  circuit  breaker  is  provided  by  the  push- 


button; when  tripped,  the  pushbutton  is  in  the 
fully  extended  position  and  a  white  ring  plus  an 
inner  red  section  of  button  is  showing.  This  type 
can  be  manually  tripped  by  pulling  the  push- 
button out,  but  it  should  not  be  used  as  a 
switch. 

The  toggle  lever  type  operates  in  the  same 
manner  as  the  pushbutton  type,  with  the  ex- 
ception that  the  tripped  condition  is  indicated 
by  the  toggle  lever  being  in  the  OFF  position. 
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This  type  may  properly  be  used  as  a  switch. 

Manual  resetting  of  either  of  the  above  types 
is- accomplished  by  resetting  the  actuator  (either 
pushbutton  or  toggle  lever)  whenever  the 
thermal  element  cools  sufficiently  to  raise  to  its 
normal  position  ready  for  reengagement  with 
the  movable  contact  mechanism. 

An  automatic  reset  circuit  breaker  is  shown  in 
figure  8-5.  This  circuit  breaker  consists  of  a 
conductive  bimetallic  snap-acting  disk  which 
bridges  two  electrical  contacts.  When  this  disk  is 
heated  by  excessive  current  passing  through  it,  it 
snaps  to  the  opposite  position,  opening  the 
contacts. 

The  automatic  reset  circuit  breaker  has  no 
manual  reset  and  cannot  be  opened  manually. 
After  a  short  time,  when  the  bimetallic  disk  has 
cooled  sufficiently,  it  will  snap  back  to  its 
original  position,  resetting  the  circuit  breaker.  If 
a  constant  overload  exists,  the  circuit  breaker 
will  intermittently  break  the  circuit.  The  auto- 
matic reset  circuit  breaker  gives  no  visual  indi- 
cation of  being  tripped  or  set. 

The  magnetic  circuit  breaker  is  of  the'switch/ 
toggle  variety  and  is  magnetic  rather  than 
thermal  is  operation.  This  type  can  be  made  to 
open  almost  instantly  when  more  than  the  rated 
current  flows  in  the  circuit.  An  electromagnet  is 
placed  in  series  with  the  contacts  and  the 
contacts  are  piounted  on  an  armature..  When 
excessive  current  flows  through  the  device  the 
armature  is  pulled  toward  the  electromagnet, 
opening  the  contacts  and  thereby  the  circuit. 
The  armature  is  then  iatched  in  the  off  or 
tripped  position.  To  reset  this  circuit  breaker, 
the  armature  is  unlatched  and  returned  to  the 
normal  position.  Visual  indication  of  the  tripped 
condition  is  provided  by  the  toggle  lever,  which 
will  be  in  either  the  off  position  or  midway 
between  off  and  on,  depending  on  the  manu- 
facturer's design. 

Thermo-magnetic  circuit  breakers,  such  as 
tiiat  shown  in  figure  8-6,  are  being  used  ex- 
tensively. This  circuit  breaker  contains  two  trip 
devices-one  thermal  and  one  magnetic. 

The  automatic  trip  devices  of  this  circuit 
breaker  are  "trip  free''  of  the  operating  handle; 
this  means  the  circuit  breaker  cannot  be  held 
closed  by  the  operating  handle  if  an  overload 
exists.  When  the  circuit  breaker  has  tripped,  the 


handle  rests  in  the  center  position.  To  reset  after 
automatic  tripping,  the  handle  must  be  moved 
to  the  extreme  OFF  position,  which  resets  the 
latch  in  the  trip  unit;  then  the  handle  must  be 
moved  to  the  ON  position. 

Maintenance 

Maintenance  of  fuses  is  very  simple;  if  there  is 
any  doubt  as  to  the  condiffon  of  a  fuse,  a 
continuity  test  will  readily  indicate  whether  the 
fuse  element  is  open  or  closed.  If  the  fuse  is 
defective,  replacement  is  the  only  cure. 

Occasionally  the  fuse  holders  wiU  become 
defective.  Here  again,  the  maintenance  required 
is  very  simple;  make  a  visual  inspection  and  a 
continuity  test,  and  if  the  holder  is  defective  it 
must  be  replaced.  j 

Circuit  breaker  maintenpce  presents  a  little 
more  difficulty  due  to  ythe  possibility  of  a 
change  in  current  capaiaty.  This  change  may 
result  from  usage  over  L  period  of  time  and  is 
difficult  to  detect.  If/the  current-carrying  ca- 
pacity of  the  unit  Increases,  circuit  protectfon 
value  is  reduced.  If  tlie  current-carrying  capacity 
decreases,  the  circu^  breaker  will  open  with  less 
than,  rated  current:  Under  the  latter  condition, 
the  fcircuit  breaker  is  the  last  component  sijis- 
pected,  because  its  opening  usually  indicates'  a 
circuit  failure.  An  ammeter  can  be  used  to 
measure  the  current  through  the  breaker,  but 
replacement  of  the  breaker  is  usually  the  easiest 
and  surest  test  for  an  over-sensitive  circuit 
breaker. 

The  usual  maintenance  of  breakers  involves  a 
visual  inspection  of  the  terminals,  and  conti- 
nuity checks.  If  a  breaker  malfunctions  or 
appears  to  be  operating  improperly,  it  shbuld  be 
removed  and  replaced  by  a  new  device  \{  the 
same  type  and  rating. 

SWITCHES 

A  switch  may  be  described  as  a  device  used  - 
for  making,  breaking,  or  changing  connections  in 
an  electrical  circuit.  Switches  are  rated  in 
amperes  and  volts;  the  rating  refers  to  the 
maximum  aUowable  voltage  and  current  of  the 
circuit  in  which  the  switch  is  to  be  used.  Since  it 
is  placed  in  series,  all  the  circuit  current  passes 
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through  the  switch;  because  it  opens  the  circuit, 
the  applied  voltage  appears  across  the  switch  in 
the  open  circuit   position.  Switch  contacts  \ 
diould  be  opened  and  closed  quidcly  to  mini- 
mise arcing;  therefore,  switches  normally  utilize 

a  snap  action.   

Many  types  and  clasufications  of  switches 
have  been  developed.  A  common  designation  is 
by  the  number  of  poles,  throws,  and  positions. 
The  number  of  poles  indicates  the  numb«-  of 
terminals  at  which  current  can  enter  the  switch. 
The  throw  of  a  switch  signifies  the  number  of 
\  circuits  each  blade  or  contactor  can  complete 
through  the  switch.  The  number  of  positions 
indicates  the  number  of  places  at  which  the 
operating  device  (toggle,  plunger,  etc.)  will  conie 
to  rest.  Figure  8-7  presents  the  schematic 
symbols  of  some  typical  switch^ 

An  example  of  switch  pontion  is^a  to^le 
switch  which  comes  to  reseat  either  of  two 
positions,  opening  the  circuit  in  one  position 
and  competing  it  in  anojkner.  This  is  called  a 
two^sttion  switch.  A  goggle  switch  which  is 
q»ing  loaded  to  the  OFt^  position  and  must  be 
held  in  the  ON  position  to  complete  the  circuit 
is  called  a  single-position  switch.  If  the  toggle 
switdi  will  come  to  rest  at  any  of  three 
positions*  it  is  called  a  three-position  switch.  A 
complete  description  of  a  switch  may  include 
several  designations,  e.g.,  double-pole,  double- 
throw,  center-off. 

Another  means  of  classifying  switches  is  the 
method  of  actuation;  that  is,  toffile,  pushbutton, 
precision,  and  rotary  types.  Further  classifi- 
cation can  be  accompli^ed  by  a  description  of 
switdi  action  such  as  on-off,  momentary  on-off, 
on-momentary  off,  etc.  Momentary  contact 
switches  hold  a  circuit  closed  or  open  only  as 
long  as  the  operator  defkcts  and  holds  the 
actuating  control  \ 

The  most  common  type  of  switdi  is  the 
tc^^^witdrr  Tt)ggle^ches  have  their  moving 
parts  6ndosed.  A  double-pole,  double-thr^w, 
onH>ff-on  t(«gle  switch  is  shown  in  figure  8-8./ 
These  switches  have  many  uses  and  are  used 
extensively  for  applying  power  to  various  cir- 
cuits* Scftne  of  the  switches  are  provided  with  a 
luminous  tip  on  the  lever  toggle  so  as  to  be 
visible  in  the  dark. 
PuaMMtton  switches  have  one  or  more  atattonary 
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Figura  8-7.-Symbote  of  oommonly  UMd  switeh*. 
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Figuiw  M.-Togoto  nwiteh. 
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AT.55 

Figurfe  8-9.-Rotary  selector  switch.  ^ 


AT.56 

Figure  8^ia-Microtwitch. 

-rontacts  and  one  or  more  movable  contacts- 
The  movable  contacts  are  attached  to  the 
pushbutton  by  an-  insulator,  i  These  switches 
are  spring  loaded  and  are  usually  of  the  momen- 
tar^'ontact  lype.  They  have  many  uses,  such  as 


indicator  light  checks  and  circuit  reset.  The 
push-on  nush-off  type  switch  is  seldom 
use4<bu.t  i  found  on  occasion. 
^/^A  rota.,  jlector  switch  may  perform  the 
functions  of  a  number  of  switches.  As  the  knob 
of  a  rotary  selector  switch  is  rotated,  it  opens 
one  circuit  and  closes  another.  This  can  be  seen 
by  examination  of  figure  8-9. 

On  the  wafer  shown  in  this  figure  the  contact 
is  now  from  A  to  E.  If  the  switch  is  rotated 
clockwise,  as  viewed,  thclcircuit  from  A  to  E  is 
opened  and  the  circuit  from  A  to  D  is  com- 
pleted. Some  rotary  switches  have  several  layers 
of  w^fevs  and  operate  as  a  large  number  of 
switches  simultantov  'Ignition  switches  and 
voltmeter  selector  switches  are  typical  examples 
of  this  type.  . 

Mechanically  operated  switches  are  used  in 
many  types  of  installations,  such  as  for  interlock 
switches  to  disable  the  starter  circuit  on  equip- 
ments having  automatic  transmissions.  An  inter- 
lock such  as  this  prevents  starting  if  the  shift 
mechanism  is  any  position  other  than  neutral 
They  are  widely  used  because  of  their  small  si/e 
and  excellent  dependability.,  (The  term  Micro- 
switch,  although  frequently  used  in  referring  to 
all  switches  of  this  type,  is  a  trade  name  for  the 
switches  made  by  the  Micruswitch  Division 
of  the  Minneapolis  .  Honeywell  Regulator 
Company.) 

Microswitches  will  open  or  close  a  circuit  wUh 
a  very  small  movement  of  the  trippir?  device. 
They  are  usually  of  the  pushbutton  variety,  and 
they  usually  depend  on  one  or  more  springs  for 
their  snap  action.  For  example,  the  heart  of  the 
Microswitch  is  a  beryllium  copper  spring,  heat- 
treated  for  long  life  and  unfailing  action.  The 
simplicity  of  the  one-piece  spring  contributes  to 
the  i.jMg  life  and  dependability  of  this  switch. 
The  basic  Microswitch  is  shown  in  figure  8-10.. 

Pressure-operated  switches  usually  have 
Bourdon  tubes,  syphons,  or  diaphragms  against 
which  fluid  (gas  or  liquid)  operates  to  actuate 
the  switch. 

Thermal  switches  usually  incorporate  a  bi- 
metallic  strip  or  sheet  that  bends  or  shaps  at  a 
deared  temperature  to  afctuate  the  switch.  An 
example  of  this  type  switch  is  the  signal  light 
flasher  unit. 
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Maintenance 

While  the  switch  itself  is  relatively  simple  to 
check,  ii  sometimes  offers  difficulty  to  maii^ite- 
nance  because  of  its  location  in  inaccessible 
places.  After  a  visual  inspection  of  the  con- 
nections and  the  switch,  a  continuity  test  will 
indicate  any  malfunctions.  When  the  switch 
mechanism  is  found  to  be  defective,  it  normally 
is  not  repairable  and  therefore  should  be  re^ 
placed. 

When  enclosed  switches  are  used,  failure  to 
seal  properly  around  cable  openings  is  the  most 
common  cau^  of  troube.  Condensation  can 
short  across  the  switch  terminals,  or  it  can 
corrode  the  switch  actuators  and  make  them 
inoperative.  Condensation  can  be  considerably 
reduced  by  carefully  sealing  the  openings,  or  by 
using  hermetically  sealed  switches,  (Hermetic 
sealing  also  prevents  dus^t  and  dirt  from  reaching 
the  conta^;ts,  thereby  reducing  the  possibility  of 
high  resistance  shorts  and  open  circuits,) 

Some  switches  are  damaged  during  install- 
ation, particularly  those  with  a  plastic  housing. 
Proper  care  in  installing  or  replacing  plastic- 
enclosed  switches  will  help  to  eliminate  this  type 
of  trouble. 

Some  switch  assemblies  are  equipped  with 
adjustments  which  enable  them  to  operate  at  a 
preset!  temperature,  pressure,  position,  etc. 
Caution  should  be  exercised  in  making  these 
adjustinents;  if  they  are  not  accurate,  damage  to 
the  switch  or  to  the  equipment  can  result. 

SOLENOIDS 

A  solenoid  is  an  electromagnet  formed  by  a 
conductor  wound  in  a  series  of  loops  in  the 
shape  of  a  helix  (spiral).  Inserted  within  this 
spiral  or  coil  is  a  soft-iron  core  and  a  movable 
plunger,,  The  soft-ifon  core  is  pinned  or  held  in 
position  and  is  not  movable.  The  movable, 
plunger  (also  ^oft  iron)  is  held  away  from  the 
core  by  a  spring  when  the  solenoid  is  de- 
energized.  (See  fig.  8-1 1 ,) 

When  current  flows  through  the  conductor,  a 
magnetic  field  is  produced-- This  field  acts  in 
every  respect  like  a.  permanent  magnet  having 
both  a  north  and  a  south/ pole.  The  total 
magnetic  flux  produced  i$ /letermined  by  the 


AS.236 

Figure  8-1 1. -Solenoid  action. 


AS.237 

Figure  8-12.-Relay  construction. 

generated  magnetomotive  force  and  the  per- 
meability of  the  medium  through  which  the 
field  passes.  (Permeability  is  the  ease  with  which 
a  substance  conducts  fiux,) 
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In  much  the  same  way  that  electromotive 
force  (voltage)  is  responsible  for  cj^rrent  in  a 
circuit,  magnetomotive  force  is  respon  ^e  for 
external  magnetic  effects..  The  magnetomotive 
force  (mmO  whj^-h  produces  the  magnetic  flux 
in  a  solenoid  is  the  pioduct  of  the  number  of 
turns  of  wire  and  the  current  through  the  coil.  If 
the  curren*^  is  expressed  in  amperes,  the  mag- 
netomotive force  is  expressed  in  ampere  turns. 
From  this  it  can  be  seen  that  a  prescribed 
magnetomotive  force  can  be  produced  by  using 
either  a  few  turns  of  large  wire  (high  current)  or 
majiy  turns  of  small  wire  (lov,  current). 

The  soft-iron  core  will  also  influence  the 
strength  of  the  magnetic  flpx  produced  by  the 
coil..  strength  of  the  field  is  greatly  increased 
by  use  <>f  a  soft-iron  core  rather  than  air  because 
of  the  F  ,.;Uer  permeability  of  iron.  Conse- 
quent* oy  using  an  iron  core  a  greater  flux 
density  can  be  produced  tor  a  given  number  of 
ampere  turns. 

The  magnetic  flux  produced  by  the  coil 
results  in  establishing  north  and  south  poles  in 
both  the  core  and  the  plunger.  These  poles  have 
\  such  a  relationship  that  the  plunger  is  attracted 
\along  the  lines  of  force  to  a  position .  of 
equilibrium  when  the  plunger  is  at  the  center  of 
m§  coil.  As  shown  in  figure  8-11,  the  de- 
energized  position  of  the  plunger  is  partially  out 
of  the  coil  due  to  th^  action  of  the  spring.  When 
voltage  is  applied,  the  current  through  the  coil 
produces  a  magnetic  field  which  draws*  the 
plunger  within, the  coil,  resulting  in  mechanical 
motion.  When  the  coil  is  deenergized,  the 
plunger  returns  to  its  normal  position  because  of 
spring  action.  It  is  interesting  to  note  that  the 
effective  strength  of  the, magnetic  field  on  the 
plunger  varies  with  the  distance  between  the 
two.  For  short  distances,  the  strength  of  the 
field  is  strong;  and  as  distances  increase,  the 
strength  drops  off  quite  rapidly* 

Solenoids  are  used  for  electrically  operating 
hydraulic  valve  actuators,  carbon  pile  voltage 
regulators,  power  relays,  and  mechanical 
clutches.  They  are  also  used  for  many  other 
purposes  wherje  only  small  movements  are  re- 
quired. One  of  the  distinct  advantages  in  the  use 
of  solenoJs  is  that  a  ni^hanical  movement  can 
be  accomplished  at  <  considerable  distance  from 
the  control.  The  only  link  necessary  between  the 


control  and  the  solenoid  is  the  electrical  wiring 
for  the  coil  current.  Since  solenoids  are  used  in 
ground  support  equipment  and  are  subject  to 
failure,  the  ASE  should  be  able  to  test  and 
maintain  them. 

Maintefiance 

The  first  step  to  be  taken  in  checking  an 
improperly  operating  solenoid  is  a  good  visual 
inspection.  The  connections  should  be  checked 
for  poor  soldering,  loose  connections,  or  broken 
wires.  The  plunger  should  be  checked  for  cleanli- 
ness, binding,  mechanical  failure,  and  improper 
alinement.  The  mechanism  that  the  solenoid 
actuates  should  also  be  checked  for  proper 
operation. 

The  second  step  is  to  check  the  energizuig 
voltage  with  a  v.  Itmeter.  If  the  voltage  is  too 
low,  the  result  is  less  current  flowing  through 
he  coil  and  a  weak  magnetic  field.  A  weak 
magnetic  field  can  result  in  slow  or  ineffective 
operation.  It  could  also  possibly  result  in  chatter 
or  inoperation.  If  the  energizing  voltage  is  too 
high,  it  will  in  all  probability  damage  the 
solenoid  by  either  overheating  or  arcing.  In 
either  case  the  voltage  should  be  reset  to  the 
proper  value  so  that  further  damage  or  failure 
will  not  result.  The  solenoid  should  then  be 
checked  for  opehs,  shorts,  and  increased  or 
decreased  resistance. 

If  the  solenoid  winding 'is  open,  current 
cannot  flow  through  tlje  coil  and  the  magnetic 
field  is  lost.  A  short  results  in  fewer  turns  and 
higher  current.  However,  the  short  will  normally 
have  someresistance.(poor  contact)  and  result  in 
a  weaker  magnetic  field.;  A  high-resistance  coil 
will  reduce  coil  current  and  also  result  in  a  weak 
magnetic  field.  To  check  for  opens,  shorts,  and 
correct  resistance,  an  ohmmeter  should  be  used. 
Another  check  possible  with  the  ohmmeter  is  to 
determine  if  the  coil  winding  is  shorted  to 
ground*  If  the  coil  is  open,  shoifted,  or  has 
appreciably  increased  in  resistance,  the  solenoid 
should  be  replaced.: 

RELAYS 

Relays  are  electrically  operated  control 
switches,  and  are  classified  according  to  their  use 
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as  control  relays  or  power  relays.  Control  relays 
are  usually  known  dimply  as  relays;  power  relays 
are  called  contactors.  Power  relays  control  the 
heavy  power  circuits  of  an  electric  system. 

The  function  of  a  control  relay  is  to  use  a 
relatively  small  amount  of  electrical  power  to 
signal  or  to  control  a  large  amount  of  power. 
Where  multipole  relays  are  used^  several  circuits 
may  be  controlled  simultaneously." 

The  control  relay  permits  the  operator  to 
control  contactors  at  other  locations  in  the 
equipment,  and  the  heavy  power  cables  need  be 
run  only  through  the  contactors.  Only  light- 
weight control  wires  are  connected  to  the 
control  switches.  Safety  is  also  an  important 
reason  for  using  relays,  since  high  power  circuits 
can  be  sw^ched  remotely  without  danger  to  the 
operator. 

Control  relays,  as  their  name  implies,  are 
frequently  used  in  vhe  control  of  low  power 
circuits  or  other  relays,  although  they  also  find 
many  other  uses.  In  automatic  relaying  circuits, 
a  small  electric  signal  may  set  off  a  chain 

,^    reaction  of  successively  acting  relays,  which  then 
perform  various  functipns.  Control  relays  can 

.     also  be  used  in  so-caUed  "lockout"  action  to 

.  *^    prevent  certain  functions. 

Another  important  function  of  control  relays 
!  in  ground  support  equipment  is  for  "sensing" 
undervoltage  and  over-voltage,  reversal  of  cur- 
rent, excessive  currents,  phase  and  amplitude, 
polarity,  etc. 

In  general,  a  relay  consists  of  a  magnetic  core 
and  its  associated  coil,  contacts,  springs,  arma- 
ture, and  the  mounting.  Figure  8-12  illustrates 
the  fundamental  construction  of  a  relay.  When 
the  Circuit  is  energized,  the  flow  of  current 
through  the  coil  aeates  a  strong  magnetic  field 
which  pulls  the  armature  downward  to  contact 
CI,  completing  the  circuit  from  the  common 
terminal  to  CI.  At  the  same  time,  the  circuit  to 
contact  ^2,  is  opened. 

The  .lapper  relay  (fig.  8-13)  contains  the 
same  components  but  has  multiple  sets  of 
contacts.  As  the  circuit  is  energized,  the  clapper 
is  pulled  to  the  magnetic  coil.  This  physical 
movement  of  the  arm  of  the  clapper  forces  the 
pushrod  and  movable  conta);ts  upward.  As  many 
sets  of  contacts  as  required  may  be  built  onto 
the  relay;  thus,  it  it  pdssible  to  control  many 
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Figure  &>13.-Clappar  type  relay. 
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Figure  8-14.-Thflrn»il  time  delay  relay. 

different  circuits  simultaneously.  To  the  mainte- 
nance man,  this  type  of  relay  can  be  a  source  of 
trouble  because  motion  of  the  clapper  arm  does 
not  necessarily  assure  tandem  movement  of  all 
the  movable  vontaas.  Referring  to  figure  8*13, 
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CORE 


Figure  S-IS.-Rotary  type  relay. 

if  the  pushrod  were  broken,  the^^clapper  arrr- 
might  push  the  iower  movable  contact  upward 
but  not  move  the  upper  movabh  contact. 
,  A  thermal  time  delay  relay  (fig.  8-14)  is 
constructed  to  produce  a  delayed  aetion  when 
energized.  Its  operation  depends  on  a  thermal 
action  such  as  that  of  a  bimetallic  element 
similar  to  that  used  in  a  thermal  circuit  breaker, 
A  heater  is  mounted  around,  or  close  to,  the 
element,  and  the  movable  contact  is  mounted  on 
the  element  itSvlf.  As  the  heat  causes  the 
element  to  beni  (because  of  the  different 
thermal  expansion  rates),  the  contacts  close  to 
operate  a  relay.  The  delay  time  of  the  bimetallic 
strip  is  usually  from' 1/2  to  I  1/2  minutes,  and  is 
predetermined  at  manufacture  by  using  metals 
with  different  expansion  rates,  or  by  increasing 
or  decreasing  the  distance  between  the  fixed  and 
movable  contacts. 

One  common  form  of  time  delay  relay  utilizes 
a  lag  coil  (slug).  This  can  be  a  large  copper  slug 
that  is  located  at  one  end  of  the  winding,  or  a 


tubular  sleeve  that  is  located  between  the 
winding  and  the  core.  The  lag-^coil  acts  as  a 
short-circuited  secondary  for  the  relay  coil.  The 
counter  magnetomotive  force  due  to  the  current 
induced  in  the  lag  coil  by  the  changing  relay  coil 
current  delays  the  flux  buildup  or  decay  in  the 
aiigap,  and  hence  the  closing  or  opening  of  the, 
armature.  A  short  slug  near  the  armature  end  of 
the  core  has  relatively  more  effect  on  the  closing 
time,  and  one  at  the  heel  end  has  more  effect  on 
the  release  time. 

Another  type  of  relay  is  the  latch-in  relay. 
This  relay  is  designed  io  lock  the  contacts  in  the 
deenergized  position  until  the  relay  is  either 
manually  or  electrically  reset.  Two  windings  are 
used;  one  is  the  trip  coil  and  the  other  the  reset 
coil.  Wuen  the  trip  coil  is  energized,  it  acts  on  a 
spring-loaded  armature  on  which  the  relay's 
movable  contact  is  mounted.  After  the  contacts 
open  they  are  held  in  the  open  position  by  a 
mechanical  latch.  The  mechanical  latch  is  un- 
latched when  the  reset  coil  is  energized,  thus 
allowing  the  relay's  contacts  to  close  again. 

The  rotary  type  relay  (fig.  8-15)  is  not  as 
commonly  used  as  the  clapper  type.  This  relay 
operates  on  the  principle  of  an  electric  motor, 
buLonly^hrough  a  small  -arc.^  When  wafer  switch 
assemblies  are  installed  on  the  shaft,  this  type  of 
relay  provides  a  switching  device  of  any  degree 
of  complexity.  Many  circuits  can  be  controlled 
by  a  simple  control  circuit  associated  with  the 
relay. 

Another  possible  classificatioij  jf  relays  is  the 
method  of  packaging;  namely,  </pen,  semisealed, 
and  sealed.  The  clapper  type /(fig.  8-13)  is  an 
example  of  the  open  relay. /Semisealed  relays 
have  protective  covers  and  /are  sealed  against 
enti:ance_qf^iist,--TrToi5^  material 
into  the  contacts  or^  mechanikm.  A  hermetically 
sealed  relay  is  generally  ooni^iuered  one  that  is 
encased  with  glass,  plastic,  oi  metal.  Besides 
being  independent  of  temperature  and  humidity 
changes,  hermetically  sealed  relays  also  have  the 
advantage  of  being  tamper-proof. ^ 

Maintenance 

The  relay  is  one  of  the  most  dependable 
electromechanical  devices  in  use;  but  like  any 
other  mechanical  or  ekccrical  device  in  ground 
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support  equipment,  relays  occasionally  wear  out 
or  become  inoperative  for  one  reason  or 
another.:  Should  an>  inspection  determine  that  a 
relay  is  defective,  the  relay  should  be  removed 
immediately  and  replaced  with  another  of  the 
same  type.  Care  should  be  exercised  in  obtaining 
the  same  type  replacement  because  relays  are 
rated  in  voltage,  amperage,  type  of  service, 
number  of  contacts,  continuous  or  intermittent 
{duty,  and  similar  characteristjics. 

Relay  coils  ^  usually  consist  of  a  single 
Glenoid.  If  a  relay  fails  to  operate,  the  coil 
should  be  tested  for  open  circuit,  short  circuit, 
or  ground.  An  open  coil  is  a  common  cause  of 
relay  failure. 

Formation  of  film  on  the  contact  surfaces 
of  a  relay  may  be  considered  another  principal 
- — cause  of  relay  trouble.  Although  Him  will  form 
on  the  contacts  by  the  action  of  atmospheric  and 
other  gases,  grease  film  is  responsible  for  a  lot  of 
contact  trouble.  Carbon  formations,  caused  by 
the  burning  of  a  grease  film  or  other  substance 
(during  arcing),  also  can  be  troublesome  because 
carbon  forms  rings  on  the  contact  surfaces.  As 
the  carbon  rings  build  up,  the  relay  contacts  are 
held  open. 

When  current  flows  in  one  direction  through  a 
relay,  the  contacts  may  be  subjected  to  an  effect 
called  'cone  and  crater."  The  crater  is  formeu 
by  transfer  of  the  metal  of  one  contact  to  the 
other  contact,  the  deposit  being  in  th^orm  of  a 
cone. 

Some  relays  are  equipped  with  ball  shaped 
contacts  and  in  many  applications  this  type  of 
cpntact  is  considered  superior  to  the  flat  surface 
because  dust  or  other  substances  are  not  as 
readily  collected  on  a  ball  shaped  surface.  In 
addition,  a  ball  shaped  contact  can  penetrate 
film  easier  than  can  a  flat  contact.  When, 
cleaning  or  servicing  ball  sliaped  relay  contacts, 
exercise  extreme  care  to  avoid  flattening  or 
otherwise  altering  the  contact's  rounded  sur- 
faces. _ 

Under  normal  operating  conditions,  most 
relay  contacts  ^park  slightly;  however,  this  type 
of  sparking  must  ^  not  be  confused  with  the 
spitting  and  arcing  which  causes  burning  and 
pitting  of  the  contacts. 

Most  relays  require  some  maintenance  ahd 
care.  Contact  clearances  or  gap  settings  must  be 


maintained  in  accordance  with  the  relay's 
operational  specifications.  Relaf^  contact  sur- 
faces must  be  kept  clean  and  in  good  operating 
condition.  ^ 

For  detecting  potential  relay  trouble  during 
preventive  maintenance,  check  for  charred  or 
burned  insulation  on  the  relay,  and  for  darkened 
or  charred  terminal  leads  coming  from  the  relay. 
Beth  of  these  indicate  overheating.  If  there  is 
even  a  slight  indication  that  the  relay  has 
overheated,  it  should  be  replaced  with  a  new 
relay  of  the  same  typr.  Overheating  is  sometimes 
caused  by  the  powei  terminal  connectors  not 
>eing  tight  enough;  screw  connections  should 
always  be  checked  during  preventive  mainte- 
nance. 

Cleanliness  must  be  emphasized  in  ,the  re- 
moval and  replar  ment  of  covers  on  semi$ealed 
relays,  because  the  entry  x>f  dust  or  other  foreign 
material  may  cause  contact  discontinuity.  When 
the  relay  is  installed  in  a  position  where  ther^  is 
a  possibility  of  contact  with  fuel  fumes,  extra 
care  should  be  taken  with  the  cover  gasket.  Any 
damage  to  the  gasket,  or  incorrect  seating  of  the 
gasket,  increases  the  possibility  of  igniting 
vapors. 

ELECTRICAL  CABLES,  CONNECTORS. 
AND  TERMINALS 

As  defined  in  the  training  manual,  Basic 
Electricity,  NavPers  10086  (series),  a  cable  is 
either  a  stranded  conductor  (single  conductor 
cable)  or  a  group  of  conductors  insulated  from 
each  other  (multioonductor  cable).  A  wire  is 
defined  as  a  single,  solid  conductor.  However, 
these  definitions  are  not  always  strictly  observed 
in  everyday  communication;  in  ground  support 
equipment  Work,  the  words  wire,  wires,  and 
cables  are  often  used  interchaiigeably. 

Connectors  are  devices  attached  to  the  ends 
of  cables  and  set<i  of  wires  to  provide  easy 
installation  and  removal.  Connectors  consist  of 
two  sections-the  fixed  section  called  the 
receptacle  or  jack,  and  a  removable  section 
called  the  plug.  Plug  assemblies  may  be  of  the 
straight  type  or  the  90"*  type,  while  receptacle 
assemblies  may  be  the  wall-mounting,  box- 
mounting,  and  integral-mountmg  types. 

A  terminal  is  practically  self-explanatory.  In 
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Table  8'3.-Startdard  color  code  for  chasiis  wiring 

^  Circuit  »  Color 

Grounds,  grounded  elements,  \ 
and  returns  Black. 

Heaters  or  filaments, 

offground   Brown- 
Power  supply  B  plus   Red. 

Screen  grids   Orange. 

Cathodes...   Yellpw. 

Control  grids   Green. 

Plates   Blue. 

^  Power  supply,  minus  Violet 

(purple). 

A-c  power  lines  Gray. 

Miscellai^ous,  above  or 
below  ground  returns, 
etc  Wiate. 


US  SlOS 


MS  3t07 


AE.58 


Figure  8-16.-Conn6ctDr  shell  types. 


general,  a  terminal  is  a  piece  of  electrical 
hardware  attached  to  the  end  or  termination  of 
a  wire  which  is  to  De  connected  to  a  terminal 


post  of  some  type.  The  terminal  may  be 
soldered  or  solderless  as  deseed  and  illustrated 
in  chapter  5  of  this  manual. 

To  make  maintenance  easier^  each  intercon- 
necting wire  cable  installed  in  a  piece  of  equip* 
ment  is  niarked  with  a  combination  of  letters 
and  numbers  which  identifV  the  wire,  the  circuit 
to  which  it  belongs,  its  gage  size,  and  other 
informatk>n  necessary  to  relate  the  wire  to  a 
wiring  diagram.  This  marking  is  called  the  cable 
identification  code.  Wire  identification  coding 
was  discussed  in  chapter  6  of  this  manual. 

A  Military  Standard  coior  code  has  also 
established  a  uniform  wiring  code  for  identifi- 
cation of  circuits  containing  electron  tubes.  The 
standard  colors  to  be  used  in  chassis  wiring  for 
the  purpose  of  circuit  identification  of  the 
equipment  are  given  in  table  8-3. 

Connector  CDnstnictton  and 
Identification 

In  the'  discussion  which  follows,  the  word 
'"connector"  is  used  in  a  general  sense.  It  applies 
equally  well  to  connectors  designated  by  "AN'' 
numbers  and  those  designated  by  **MS"  num- 
bers. AN  numbers  were  formerly  used  for  all 
supply  items  cataloged  jointly  by  the  Army  and 
Navy.  Many  items,  especially  those  of  oMer 
design,  continue  to  carry  the  AN  designator  even 
though  the  supply  system  has  shifted  over  to  MS 
(Military  Specification)  numbers. 

AN  specification  numbers  for  connectors  have 
been  generally  superseded  by  MS  numbers. 
However,  in  many  instances,  connectors  are  still 
referred  to  as  **AN  cortnectors.** 

Electrical  connectors  are  designed  to  provide 
a  detachable  means  of  coupling  between  msuor 
ooniponents  of  electrical  equipment.  These  con- 
nectors are  constructed  to  withstand  the  ex- 
treme operatifig  condittons  imposed  by  con- 
tinuous service.  They  must  make  and  hoU 
electrical  contact  without  excessive  voltage  drop 
despite  extreme  vibration,  rapid  shifts  of 
temperature,  etc. ' 

These  conrtectors  vary  widely  in  design  and 
application.  Each  connector  consists  of  a  plug 
assembly  and  a  receptacle  assembly.  The  two 
assemblies  are  couplpd  by  some  type  of -coupling 
device  (coupling  nut,  pressure  fitting,  etc.),  and 
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MS  3106  B 


FRONT 
INSULATOR 


REAR  INSULATOR 
WITH  BARRIERS 


COUPLING  NUT 


ASSEMBLY  NUT 


INSERT 
BARREL 


^CONTACTS 
(SOCKET) 


INSERT 
RETAINING  RMO 


END  BELL  (SPLIT) 


AE.50 


Figurt  8-17.-ExploiM  vhw 

each  consists  of  an  alun^inum  shell  containing  an 
insulating  insert  which  holds  the  current-  / 
carrying  contacts.  The  plug  is  usually  ^attached 
to  a  cabte  end  and  is  the  p^rt  of  the  connector 
on  which  the  coupling  device  is  mounted.  The  / 
receptacle  is  the  half  of  the  connector  to  which 
the  plug  is  coupled,  and  the  receptacle  is  u^ally 
mounted  on  a  part  of  the  equipment. 

There  are  wide  variations  in  shell  type,  design, 
sise,  layout  of  contacts,  and  style  of  insert.  Six 
types  of  connector  shells  are  shown  in  figure 
8-16.  . 

Connector  MS  3100  is  a  wall-mounting 
receptacle.  It  is  intended  for  use  with  conduit  to 
eliminate  the  necessity  of  instaDing  conduit 
boxes. » 

Connector  MS  3101  is  a  cableKonnecting 
receptacle,  and  is  used  with  cable  or  in  other 
installations  where  mounting  provisions  are  not 
required. 

MS  3102  is  a  box-mounting  receptacle,  and  is 
intended  for  use  where  a  detachable  connection 
is  required  on  a  shielded  box  or  unit  of 
equipment. 

MS  3106  is  a  straight  plug  which  is  used  when 
dri^d^s  are  to  be  connected  where  space  limita- 
tions are  not  critical  It  consists  of  a  front  shell 
(usually  refeired  to  as  an  "insert  barrel"),  a 
coupling  ring,  the  insert,  an  insert  retaining 


of  a  iplit*shaN  connector. 

dev^,  and  a  rear  shell. 

>  ^S  3107,  a  quidc-disconnect  plug,  is  used 
where  v^  rapid  disconnections  mu«t  be  made. 
A  special  coupling  device  is  used  instead  of  a 
coupling  ring;  otherwise  it  is  similar  to  MS  310$. 

MS  3108,  a  90"*  angle  plug,  is  similar  in 
construction  to  MS  3106  except  that  the  rear 
shell  Faros'/ides  a  right  angle  bend  which  is 
requir^  where  ^ace  is  limited. 

There  are  six  classes  of  MS  connectors,  each 
designed  for  a  particular  kind  of  application.  A 
letter  design^i^on  is  used,  as  in  MS  3106E,  where 
E  is  the  shell  type  indicator.  The- shell  indicators 
are: 

A-Solid  shell. 
B-Split  chell. 
C-Pressurized.  \, 
E-Environment  resistant. 
K-F}^roof. 

R-^vironment  resistant  (lightweight). 

Solid  shell  connectors  are  used  where  no 
special  requirements,  such  as  fireproonng  or 
moistureproofing,  must  be.  met.  The  rear  shells 
ire  maJe  from  a  single  piece  of  aluminum. 
/  Split  sheU  connectors  allow  maximum  accessi- 
bility to  soldered  connections.  The  rear  shell  is 
made  in  two  halves,  either  of  which  may  be 
removed.  Figure  8-17  shows  an  exploded  view  of 
one  type  of  a  spl^t-shell  connector. 
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AE.60 


Figure  3-1 8.— Exploded  view  of  an  environment  resistant  angle  connector. 


STANDARD 
TYPE  NUMBER 

CLASS 

SIZE 

INSERT  ARRANGEMENT 
NUMBER 

CONTACT  STYLE 

INSERT  ROTATION 


AS.306 


Figure  8-19.-MS  connector  marking. 


Pressurized  connectors  provide  a  pressuretight 
feed-through  for  wires  that  pass  through  wails  or, 


bulkheads  of  pressurized  corrparttnents.  The 
contacts  are  usually  molded  into  the  insulator^ 
and  the  shell  is  spun  over  the  assembly  to  &eal 
the  bond.  ^ 

Fireproof  connectors  are  made  under  specifi- 
cations which  require  that  the  connector  main- 
tain effective  electrical  service  for  a  limited  time 
even  when  exposed  to  fire.  The  inserts  are  made 
of  a  ceramic  material,  and  special  crimp  type 
contacts  are  used. 

Environment  resistant  connectors  are  used  in 
areas  where  changes  in  temperature  may  cause 
condensation,  or  where  there  is  likely  to  be 
vibration.  The  components  of  this  kind^  of 
connector  are  shown  in  figure  8-18. 

Each  connector  is  given  an  identification 
symbol,  called  the  MS  part  number.  This  symbol 
indicates  the  shell  type,  the  shell  design,  the  size, 
the  inseri  *ype,  the  insert  style,  and  the  insert 
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position.  An  example  is  the  designator  MS 
3106A18-4SX.  (Refer  to  fig.  8-19.) 

1.  The  standard  letter^  indicate  that  the 
connector  was  manufactured  to  G5vernment 
Standards. 

.  2.  The  type  number  indicates  the  type  of 
sheU.  (Refer  to  fig.  8-16.) 

3.  The  class  letter  indicates  the  design  of  the 
shell  and  the  purpose  for  which  the  connector  is 
normally  used. 

4.  The  size  number  indicates  the  shell  size, 
either  by  outside  diameter  of  the  mat«ng  part  of 
the  insert,  or  by  the  diameter  of  the  coupling 
threads,  in  sixteenths  of  an  inch. 

5.  The  insert  arrangement  number  indicates 
the  arrangement  of  the  contacts  in  the  insert, 
but  not  the  number  of  contacts. 

6.  The  contact  style  letter  indicates  that  the 
contacts  are  of  one  of  two  styles:  socket 
(female),  indicated  by  the  letter  "S*\  or  pin 
(male),  indicated  by  the  letter  **P" . 

7;  The  insert  rotation  letter  indicates  an 
alternate  insert  position.  Insert  rotation  letters 
W,  X,  Y,  or  Z,  indicate  that  the  insert  has  been 
rotated,  with  respect  to  the  shell,  a  specified 
number  of  degrees  fronv  the  normal  position.  If 
the  insert  is  in  the  norAal  position,  no  letter  is 
used. 

NOTE:  For  more  detailed  information  on 
types  and  designations  of  connectors,  refer  to 
NavAir  Ol-lA-505,  Handbook  of  Installatwn 
Practices  for  Aircraft  Electric  and  Electronic 
V'iring. 

It  will  sometimes  be  necessary  for  iue  ASE  to 
fabricate  a  cable  using  connectors.  The  type  of 
connector  to  be  used  is  specified  in  the  Service 
and  Overhaul  Instruction  ^Janual  for  the  parti- 
cular equipment.  Following  is  an  outline  of  the 
procedure  fdk  fabricating  a  cable: 

1.  Disassemble  the  connector  to  allow  access 
to  the  contacts,  and  devise  a  means  of  holding 
the  connector  so  that  both  hands  are  free.  A 
small  bench  vise  is  useful  for  this  purpose. 

2.  Cut  the  cables  to  the  correct  length. 

^3.  Strip  the  wire  ends  with  a  wire  stripper  or 
knife.  If  a  knife  is  used,  avoid  cutting  or  nicking 
the  wire  strands. 

4.  Tin  the  bare  wire  ends. 

5.  Run  the  wires  through  the  connector 
asi^mbly  and  coupling  nuts. 

ERLC  -  " 


AE.66 

Figure  8-20.-(A)^M«klnoa  mold  from  imnking 
(B)  f  kiishfld  pott«l  pUtg. 

6.  See  that  all  surfaces  are  clean. 

7.  Flow  rosin-core  solder  into  the  connector 
terminals. 

8.  Insert  each  wire  into  its  terminal  by 
holding  the  tip  of  the  soWering  iron  against  the 
terminal.  As  the  solder  melts,  push  the  wire  into 
the  cavity,  and  then  hold  the  wire  steady  while 
the  solder  cools.  .  , 

Care  should  be  taken  to  avoid  injuring  the 
connector  insulation  with  the  soldering  iron. 
When  soldering  the  connector,  follow  a  pre- 
arranged sequence;  the  recommended  sequence 
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is  to  start  from  the  bottom  connection  and  work 
from  left  to  right,  moving  up  a  row  at  a  time. 
After  soldering  the  connections,  the  shields,  if 
used,  are  soldered  lO  a  common  terminal  on  a 
ferrule.  The  cable  is  then  laced  and  the  con- 
nector reassembled  and  moisture  proofed  if 
necessary. 

Fabricating  instructions  are  contained  in 
NavAir  Ol-lA-505,  Handbook  of  Installation 
Practices  for  Aircraft  Electric  and  Electronic 
Wiring. 

Moistureproofing  (potting),  though  not  re- 
quired on  environment-resistant  type  con- 
nectors, will  sometimes  be  required  on  other 
types  of  connectors  because  of  the  operating 
environrrient  of  the  equipment.  Sealing  com- 
pounds and  their  applications  are  covered  in 
chapter  5  of  this  manual 

Detailed  instructions  for  performing  sealing 
operations  may  be  obtained  from  Avionics 
Change  376.  A  summary  of  these  sealing  opera- 
tions is  as  follows: 

1.  Prepare  a  used  connector  by  removing 
existing  sealants,  and  cleaning.  The  cleaning 
solvent  used  must  clean  thoroughly,  evaporate 
qMickly,  and  leave  no  residue.  Remove  all 
sleeving  from  the  wires.  Resolder  loose  or  poorly 
soldered  connections  and  add  a  length  of  wire 
approximately  9  inches  long  to  each  unused  pin. 
Remove  any  excess  rosin  from  around  the  pins 
and  the  insert;. a  stiff  bristle -brush  is  helpful  in 
doing  this.  Now  repeat  the  cV^aning  operation 
and  seperate  the  wires  evenly.  . 

In  preparing  a  new  connector,  solder  wiring  to 
the  connegtor  pins  as  requited  for  the  intended 
use  and,  in  addition,  the  spare  wires  mentioned 
above.  Remove  the  excess  rosin,  clean  and 
spread  the^wires. 

2.  Obtam  the  proper  sealing  compound  for 
the  enyifonment  of  the  connector  and  thor- 
oughly^mix  the  accelerator  and  base  compound. 
(Seexmj'pter  5.) 

3.  Place  the  plugs  or  receptacles  on  a  work 
bench,  arranging  thiem  so  that  gravity  will  draw 
the  sealer  to  the  bottom  of  the  plug.  Box 
receptacles  or  plugs  without  back  shells  must  be 
fitted  with  a  mold  which  may  be  made  from 
masking  or  cellophane  tape,  or  an  equivalent, 
th't  will  retain  the  sealant  during  the  curing 
pi;ocess.  If  the  back  snell  is  used,  apply  a  thin 


coating  of  oil  to  the  inner  surfaces  to  prevent 
the  compound  from  adhering.  (See  fig.  8-20  (A) 
and  (B).] 

4.  The  compound  is  applied  with  a  spatula, 
putty  knife,  or  paddle  and  should  be  tamped 
around  the  base  of  the  pins.  The  shell  or  mold 
being  potted  should  be  completely  filled,  or  at 
least  to  a  depth  to  cover  3/8  inch  of  insulated 
wire. 

5.  The  compound  is  allowed  to  cure;  the 
average  curing  trnie  is  24  hours,  but  will  vary 
according  to  the  ambient  temperature. 

If  it  is  desired  that  the  entire  connector 
asseijibly  be  sealed  against  moisture  entering  or 
collecting  between  the  plug  and  the  receptacle, 
it  is  necessary  to  install  a  preformed  packing 
(0-ring)  over  the  barrel  of  the  plug.  This 
provides  a  seal  when  the  two  parts  are  engaged 
securely.  If  properly  installed,  this  seal  prevents 
condensation,  created  by  variations  in  tempera* 
ture  or  barometric  pressure,  from  occurring 
within  the  connector  assembly.:  Preformed  pack- 
ings (0-rings)  are  available  for  this  purpose 
through  nornlal  supply  ctefTiteSs.  Due  to  a^ng.of 
these  rings  in  service,  it  is  necessary  to  examine 
them  each  time  the  connector  is  disassembled, 
and  if  deteriorated,  they  must  be  replaced. 

The  purpose  of  soldering  a  short  length  of 
wire  to  each  spare  piii  is  to  provide  for  two 
eventualities:  to  allow  for  growth  lequiring 
additional  circuits  to  be  included  in  the  con- 
nector, or  to  replace  a  wire  which  may  have 
failed  within^the  connector  by  making  a  splice 
to  one  of  the  spare  wirft<s. 

In  thQ  event  a  spare  wire  is  not  available  in  the 
corfhector  and  a  single  wire  must  be  replaced, 
the  back  shell  may  be  removed.  This  may 
require  considerable  force,  depending  on  how  . 
welJ  the  sealant  adhered  to  the  shell.  Access  to, 
the  desired  lead  and  .wider  cup  may  be  obtaifteif " 
by  cutting  away  the  compbund  with  a  kn^fp^^If  a 
center  wire  of  a  large  connector  is  defective  and 
is  beyond  easy  reach  from  the  side,  it  may  be 
better  to  remove  the  sealant?  from  the  center 
with  longnose  pliers  until  "sufficient  area  is 
exposed  to  allow  the  defective  fead  to  be 
repaired..  The  plug  may  be'  returned  to  its 
original  condition  by  applyul'g  sealant  to  the 
connector  in  the  manner  previously  described. 
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The  new  compound  will  adhere  satisfactorily  to 
the  old  compound  remaining  in  the  connector. 

CABLE  MAINTENANCE  AND  REPAIR 

In  the  maintenance  of  cables  and  connectors, 
the  first  consideration  is  a  thorough  visual 
inspection.  Thisrcheck  should  reveal  such  defects 
as  corrosion,  chafing,  loose  connections,  loose  or 
broken  strands,  evidence  of  overheating,  and 
battered  or  improperly  mated  connectors. 
Further  checks  c?n  be  made  to  ascertain  if  there 
are  any  open  or  shorted  conductors  in  the  cable. 
An  ohmmeter  is  usually  utilized  to  perform 

*  these  checks. 

CAUTION:  Many  ohmmeters  are  supplied 
with  test  leads  which  are  slightly  larger  than  fe- 
male sockets  used  in  the  connectors.  Forcibly 
igjprting  these  probes  will  Irreparably  damage 
the  sockets.  Car^  must  be  exercised  to  prevent 
such  damage.  / 

In  checking/a  suspected  conductor,  for  either 
an  open  or  y  short,  it  may  be  necessary  to  apply 
la  slight  pre^ure  to  the  conductor,  or  to  simulate 

'  vibrationTShorts  are  ofteh  caused  by  moisture, 
.  foreign  articles,  or  a  defective  solder  connection 
at  the  crtug  terminals.  Therefore,  it  is  advisable  to 
checl^^the  connectors  carefully  before  replacing 
the  liable. 

Jii  ground  support  equipment,  conduit  is 
eliminated  wherever  possible.  Its  elimination 
f'acilitites  cable  installation  and  maintenance.  In 
replacing  a  cable,  take  particular  care  to  replace 
it  in  the  exact  position  in  which  it  was  installed 
originally.  Do  not  attempt  to  reduce  thejerigth 
of  the  cable  by  taking  what  may  seem  to  be  a 
.  togical  shortcut. 

Replacement  of  Wiring  c 

When  installing  or  replacir^  wire  or  wire 
bundles,  insure  that  there  is  no  excessive  slack 
along  the  run.  Normallv,  slack  should  not 
exceed  1/2-inch  deflectioi.  with  normal  hand 
pressure.  A  sufficient  amount  of  slack  should  be 
allowed  at  each  end  to  provide  for: 

1.  Easy  removal  and  connection  of  plugs. 

2.  Replacement  of  terminals  two  times. 

3.  Prevention  of  mechanical  strain  on  the 
wires. 


,  AS.241 

Figure  8-21.-Cabla  damp  and  grommet  at 

bulkheid  hole.  x 

4.  Free  movement  of  shock  and  vibration- 
mounted  equipment. 

5.  Shifting  of  equipment  for  maintenance. 
Bends  in  individual  wires  should  normally  be 

limited  to  a  minimum  bend  raditis  of  10  times 
the  diameter  of  the  bundles;  however,  where  the 
wire  is  suitably /supported  at  each  end  of  the 
bend,  a  minimum  bend  radius  of  3  times  the 
diameter  of  the  bundles  is  acceptable. 

Wires  passing  through  a  bulkhead  or  structural 
member  must  be  supported  at  the  hole  by  a 
cable  clamp,  or  by  use  of  an  approved  sup- 
porting grommet  in  the  hole  if  less  than  1/4-inch 
clearance  exists  between  ^he  wire  and  the  edge 
of  thejiole.  (See  fig.  8-21)' 

Maintain  a  clearance  between  wiring  and  any 
movable  control.  If  this^cajinot  be  done,  install 
guards  to  prevent  contact  of  the  wiring  with  the 
control.  When  the  >viring  must  be  routed  parallel 
to  plumbing  carrying  flamma,ble  fluids,  main- 
tain as  much  separation  as  possible.  Never 
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support   any  wire  or  wire  bundle  from 
plumbing  line  carrying  combustible  liquids. 

Cable  clamps  should  be  installed  so' that  the 
mounting  screws  are  above  the  wire  bundle. 
Otherwise  the  weight  of  the  cable  may  bend  and 
break  the  clamp.  It  is  also  desirable  that  the 
back  of  the  clamp  rest  against  a  structural 
.member  ,if  practical  Be  careful  not  to  pinch 
wires  in  the  cable  clamp.  x 


AS.242 

LACING  AND  1  TYING.-Wire  groups  and 
bundles  are  laced  or  tied^with  cord  to  provide 
ease  of  instaUation^  mainten^ce,  and  in- 
spection. It  keeps  the  cables  neatly  secured  in 
groups  and  bundl^  to  Help  avoid  possible 
damage  from  chafinb  or  equipment  (operation.  A 
typical  examt)le  is  tne  electVica)  coilltrol  panel  of 
the  NC-10  illustrated  in  figure  8-22. 
Tying  is  the  securing  togetter  of  a^^roup  or 
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Figure  a-23.-SinQte  cord  lacing,' 


bundle  of  wires  by  means  of  individual  pieces  of 
cord^ties  around  the  group  or  bundle  at  regular 
intervals. 

Lacing  is  the  securing  together  of  a  group  or 
bundle  of  wires  inside  enclosures,  by  means  of  a 
continuous  piece  of -jcord,  forming  loops  at 
regular  intervals  ^arou^  the  group  or  bundle.  A 
wire  fi^qup  is  two  or  more  wires  tied  or  laced 
together  to  give  identity  to  an  individual  system. 
A  wire  .bundle^'is  two  or  more  wires  or  groups 
tied  or  laced  together  to  facilitate  maintenance. 

Use  cotton,  nylon,  or  fiberglass  cord  for 
lacing  or  tying.  Cotton  cord  must  have  been 
waxed  to  make  it  moisture  and  fungus  rcjsistinj. 
Nylon  and  fiberglass  cords  are  in  themselves 
moisture  and  fungus  resisting,  and  are  not 
usually  waxed.  Use  pressure  sens? aye  vinyl  elec- 
trical tape  only  where  the  use  of  tape  instead  of 
cord  is  specifically  permitted. 

When  lacing  or  tying,  observe  the  following 
precautions:      .  ^ 

\  1.  Lace  or  tie  bundles  tightly  enough  to 
prevent  slipping,  but  not  sp  tight  that  the  cord 
cuts  into  or  deforms  the  insulation. 

2.  Do  not  place  ties  oh  that  part  of  a  wire 
groUt>  or  bundle  that  is  located  inside  a  conduit. 

3.  Lace  wire  groups^  or  bundles  only  inside 
enclosures,  such  as  junction  bonces.  Use  double 
cord  on  if^ups  or  bundles  larger  than  1  inch  in 
diameter?  Use  single  or  double  cord  for  groups 
or  bundles  1  inch  or  less  in  diameter. 


STARTIWO  KNOT  STARTING  KNOT  ImFeRMEOIATC 

BOWUNE  ON  A  iWHT         TIGHTENED  HALF  HITCHES 
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Figui^e  8-24.-Doubte  cord  l«cing/^ 


AT.271 

Figure  8»26.-Tying  groups  or  bundtti* 


187 

192 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3'&  2 


Figure  8-27. 


-IbnaUiiHi  liH-dinching  otbto  tMp. 


^  Lace  a  wire  grouiAor  bundle  with  a  single  cord 
as  foUows; 

1.  Start  the  lacing  at  the  thick  end  of  the 
wire  group  or  bundle  with  a  knot  consisting  oT  a 
ctove  hitch  with  an  extra  toop.  (See  fig.  8-23.) 

z.  At  regular  int^als  atong  the  wire  group  or 
bundle,  and  at  each  point  where  a  wire  or  wire 
group  branches  off,  continue  the  lacing  with  half 
hitches.  Space  half  hitches  so  that  the  group  or 
bundle  is  neat  and  securely  held. 

3.  End  the  lacing  with  a  knot  consisting  of  a 
clove  hitch  with  an  extra  k>op. 

4.  Trim  the  free  ends  of  the  lacing  cord  to. 
3/84nch  minimum. 

Lace  a  wire  group  or  bundle  with  a  double 
cord  as  follows: 

1.  Start  the  lacing  at  the  thick  end  of  the 
Wire  group  or  bundle  with,  a  bowline  on  a  bight. 
(See  fig.  8-24.) 


2.  At  regular  intervals  atong  the  wife  group  or 
bundle,  and  at  each  point  wh^e  a  wire  group 
branches  off,  continue  the  lacing  with  half 
hitches,  hokling  both  cords  together.  Space  half 
hitches  so  that  the  group  or  bundle  is  neat  and 
securely  heki. 

3.  End' the  1^^  with  a  knot  consisting  of  a 
half  hitch,  using  one  cord  clodcwise  and  the 
other  counteiipk>ckwise,  and  then  tying  tiie  coid 
ends  with  a  square  knot.  ^ 

4.  Trim  the  free  ends  of  the  lacing  cord  to 
3/84n^  minimum.  « 

Lace  a  wire  group  that  blanches,  off  the  main 
wire  bui^Iejis  follows: 

1.  Start  the  branch-off  lacing^ith  a  starting 
knot  (fig. ^-25)  located  on  the  maiabundle  just 
past  the  branch-off  point.  When  nhgte  cord 
lacing  is  used,  make  this  starting  knot  the^sme 

as  for  regular  single  cord  ladng.  When  doubfe^ 
cord  lacing  is  used,  use  the  double  cord  lacing 
^   starting  knot. 

2.  End  the  lacing  with  the  r^ular  knot  used 
in  single  and  double  cord  lacing,  as  prevk)uaty 
described. 

3.  Trim  the  free  ends  of  the  ladrfg  cord  to 
3/8*inch^mim^um. 

Tie  all  wire  groups  or  bundles  where  supports 
more^ 'than  12  indies  apart.  Space  ties 
*    IZ^ches.or  less  apart.  ^ 

Make  a  tie\as  follows: 

1  *  Wrap  ooid  around  wire  group  or  bundte,  as 
shown  in  (A)  olf  figure  8-26. 

2.  Make  a  dpve  hitch,  foUowed  by  a  square 
knot  with  ^  extra  k>op. 

3.  Trim  free  ends  of  cord  to  3/8-indi  mini- 
mum.!  .  I 

When  tying  ideevcs  to  wire  groups  or  wire 
bundle^  the  ties  are  made  the  same  as  for  wire 


the^ 


groupsfand  bundles.  ^ 

When  it  is  permissible  to  Use  tape, 
foUowirtg  meihod  should  be  emptoyed: 

1.  Wrap  tape  around  the  wire  group  or 
bundle  tlvee.times.  With  a  two-thirds  ov^lap  for 
each  tum?{Sce  (B)  of  fig.  8-26.) 

2.  Heat-seal  the  k)ose  tape  end  with  the  side 
of  a  soldering  iron  heating  element.  Do  not  \m 
tape  for  securing  wire  groui»  or  bundles  which 
may  require  frequent  maintenance. 


/ 
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Self-clipching  cable  straps  are.  adjustable, 
•  lightweight,  flat,  nylon  straps,- with  molded  ribs 
or^  serrations  on  the  inside  surface  to  grip  the 
""wire.  They  may  be  used  instead  of  indivfdual 
cord  ties  for  fast  securing  of  wire  groups  or 
bundles.  •  Cable  straps  are  available  in  various 
sizes  and  colors  to  clamp  and  identify  different 
sizes  of  wire  groups  or  bundles. 

Select  a  strap  of  the  desired  color  and  size  for 
the  Wiring  bundle  and  install,  using  the  tool 
'  ^  specified  for  the  size  strap  selected.  (See  fig.  8- 
<  27.)\ 

•  ^,  \' 

SHIELDING,  BONDING, 
AND  QROUNDING 

Shielding  is  the  enclosing  of  cables  or  elec- 
trical units  in  metaKto  prevent  electrical  inter- 
ference. Formerly,  shielding  was  accomplished 
by  enclosing  all  electronic  and  electrical  equip- 
ment and  cables.  To  shield  a  cable,  it  was 
sometimes  enclosed  in  a  conduit  (metal  tube  or 
pipe).  In  modern  equipment,  however,  conduit 
has  practically  been  eliminated.  Wiia  the  ex- 
ception of  some  ignition  system  harnesses,  elec- 

Jric  cables  which  may  generate  electrical  inter- 
ference are  shielded  satisfactorily  by  installing 
them  where  the  metal  covering  of  the  equipment 
provides  the  shield.  Thus,  when  replacing  a  cable 
it  is  important  that  it  be  installed  in  the  position 
in  which  it  was  originally  installed. 

j  Cables  which  carry  the  ignition  spark  Tor  an 
engine  are  often  shielded  by  a  woven  metal 
braid.  This  braid  provides  flexibility  and  ease  of 
installation.  Where  shielded  cables  are  used,  it  is 
very  important  that  each  end  of  the  cable  be 
well  grounded. 

Bonding  and  grounding  connections  are  made 
for  the  foUowing  purposes: 

1.  To  provide  power  current  return  paths. 

2.  To  protect  personnel  from  shock  hazards. 

3.  To  prevent  accumulation  of  static  elec- 
trical charges. 

Bonding  is  the  electrical  connection  of  two  or 
more  conducting  objects  not  otherwise  ade- 
quately connected.  Grounding  is  the  electrical 
connecting  of  a  conducting  object  to  the  pri- 
ipary  structure  for  the  return  of  current.  The 
primary  structure  is  the  frame  (chassis)  of  the 
equipment  and  is  the  electrical  ground.^ 


When  making  bonding  or  ground  connections 
observe  the  following  general  precautions  and 
procedures: 

1.  Bond  or  ground  parts  to  the  primary 
structure'where  practical. 

2.  Make  bonding  or  groundinglconnections  in 
such  a  way  as  not  to  weaken  any  part  of  the 
structure. 

3.  Bond  parts  individually,  whenever  possible. 

4.  Make  bonding  or  grounding  connections 
against  sm^th  clean  surfaces. 

•5.:  Install  bonding  or  grounding  connec  3ns 
so  that  Vibration,  expansion  or  contraction,  or 
relative  movement  incident  to  normal  service  use 
will  not  break  or  loosen  the  connection. 

6.  Locate  bonding  and  gr9unding '  con- 
nections in  accessible  areas  to  permit  easy 
inspection  and  replacement. 

7.  Do  not  compression-fasten  bonding  or 
grounding  connections  through  any  nonmetallic 
material. 

Hardware  used  to  make  bonding  or  grounding 
connections  is  selected  on  the  basis  of  mtechan- 
•  ical  strength,  current  to  be  carried,  and  ease  of 
pslttilation.  Where  connections  are  made  by 
lluminum/copper  junipers  to  a  structure  oip 
dissimilar  material,  a  wasiier  of  suitable  material 
is  installed  between  the  dissimilar  metals  so  that 
any  corrosion  which  may  occur  will  occur  in  the 
washer  (which  is  expendable)  rather  than  in  the 
structure. 

When  repairing  or  replacing  existing  bonding 
9f  grounding  connections,  use  the  same  type  of 
hardware  a^  in  the  original  connection. 

Clean  bonding  and  ground  surfaces  thor- 
oughly before  making  the  connection.  Remove 
all  biJ,  grease,  paint,  anodized  film;^  or  other 
nonconducting  material  from  an  area  slightly 
larger  than  the  connection. 

Apply  a  coating  of  petrolatum  compound  to 
the  bonding  or  grounding  surface  of  an 
aluminum  structure  and  clean  the  surface,  thor- 
oughly, using  a  steel  wire  brush  with  pilot  as 
shown  in  figure,8-28.  Then  wipe  off  the  petro- 
latum compound  with  a  clean  dry  cloth. 

Prepare  magnesium  alloy  surface;stor  bonding 
or  grounding  as  follows: 

1.  Remove  grease  and  oil  from  the  surface 
with  Stoddard  solvent.  ^  ^ 
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Figura  8-28!-CltiHNng  a  bonding  connection^ 

2.  Remove  paint,  if  present,  from  the  surface 
with  an  approved  paint  remover. 

3.  Brush  the  area  liberally  with  chrome  pickle 
solution  for  1  minute,  then  rinse  within 
S  seconds  by  brushing  with  clean  water. 

4.  Dry  thoroughly. 

When  the  surface  is  corroaon-resisting  or 
plated  steel,  clean  the  bonding  or  grounding 
surface  as  described  in  steps  1  and  2  above.  Do 
not  remove  zinc  or  cadmium  plate  from  steel 
surfaces.  After  cleaning  a  connection  and  attach- 
ing the  bonding  or  grounding  connection,  re- 
flnisn  the  surfaces  in  accordance  with  approved 
pracfl(^es. 

SAFETY  \yiRING 

Slo»n\e  equipment  parts  require  positive 
(saifety)  locking  devices.  The  use  of  safety  wire  is 
on^  accepted  ^ethod  of  providing  this  positive 
lo(^king  measure. 

jThe  most  common  application  of  safety  wire 
islthe  tying  together  of  nuts,  bohs,  screws,  and 
ocfnnector„  parts  to  prevent  them  from  coming 
Iqose  due  to  vibration. 

I  One  accepted  method  of  safetying  nuts,  bolts, 


SCREW  HEADS 
DOUBLE -TWIST  METHOD 


NOTE. 

SAFETY  METHODS  SHOWN 


SMALL  SCREWS  IN  CLOSELY  SPACED  CLOSED 
OEOMETRICAL  PATTERM  SINGL'E  WIRE  METHOD 


Figura  S-Ze.-isafety  wiring  nut%        and  gcrtm. 

and  screws  is  known  as  the  double-twist  method. 
Twisting  may  be  accomplished  by  hand,  or 
special  safety  wire  pliers  may  be  used*  (See 
fig.^8-29  (A).)  If  the  twists  are  made  by  hand, 
the  final  few  twists  shouW  be  nulde  with  pliers 
in  order  to  apply  tension  and  secure  the  ends  of 
the  wiret^roperly.  The  safety  wire  should  always 
be  installed  and  twisted  so  that  the  loop  around 
,the  head  stays  down  and  does  not  tend  to  come 
up  overihe  bolthead,  causing  a  slack  toop.f Care 
must  be  exercised  when  twisting  the  wires 
together  to  insure  th^t  they  are  tight  but  not 
overstr^sed  to  the  point  where  breakage  will 
occur  under  a  slight  load  or  vibration.  Always 
use  new  safety  wire  on  every  job  and  take  care  to 
use  pliers  only  on  the  ends  of  the  wire  so  as  not^ 
to  nick  the  wire.  If  safety  v/ire  becomes  nicked, 
discard  it  and  use  a  new  piece.  When  the  final 
twists  are  made  with  pliers,  cut  off  the  loose 
ends  that  have  been  nicked  by  the  pliers  and 
bend  the  end  of  the  wire  around  the  bolt  or 
screw  head  to  protect  personnel  from  the  sharp 
erds. 
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The  single  wire  rnethod  of  safety  wiring 
(fig.  8-29  (Br))  may  be  used  on  small  screws  in  a 
closely  spaced  area  provided  the  screws  form  a 
closed  geometrical  pattern.  Note  that  any 
loosening  tendencies  will  pull  against  the  tension 
of  the  wii!^.  Never  "back  off'  or  over-torque  in 
order  to  aline  holes  for  safety  wiring. 

Safety  wire  electric  connectors  only  when 
specified  on  engineering  drawings  or  when  ex- 
perience has  shown  the  connector  will  not  stay 
tight.  Electric  connectors  are  usually  safety 
wired  in  areas  of  high  vibration,  and  in  locations 
not  readily  accessible  for  periodic  maintenance 
inspection. 

When  It  is  necessary  to  safety  wire  electric 
connectors,  use  0.032-inch  diameter  safety  wire, 
whenever  possible.  On  small  parts  with  holes 
0.045-inch  nominal  diameter  or  smaller,  use 
0.020-inch  diameter  safety  wire.  If  the  cbn- 
nector  to  be  safety  wired  does  not  have  a  wire 
hole,  remove  the  coupling  nut  and  drill  a  No.  56 
(0.046-inch,  diameter)  hole  diagonally  through 
the  edge  of  the  nut.  Figure  8-30  shows  a 
properly  safety  wired  connector.  ^ 

PRINTED  CIRCUIT  REPAI|l 

/ 

The  trend  toward  replaceable  units  has  led  to 
several  new  methods  of  construction  of  elec- 
'  tr6nic  equipment,  an  example  of  which  is  the 
.printed  circuit.  This  type  circuit' is  designed  for 
speed  and  eojfnomy  of  manufacture  and  speed 
and  ease  of  maintenance*  as  well  as  saving  of 
space  and  weight.. 

Circuit  Construction 

One  method  of  manufacturing  a  printed 
circuit  is  the  "photoetching''  process.  A  plastic 
or  phenolic  sheet  with  a  thin  layer  of  copper 
coating  may  be  used.  The  copper  coaring  is 
covered  with  a  light-sensitive  enamel.  A  tem- 
plate of  the  circuit  that  will  ultimately  appear 
on  the  plastic  sheet  is  placed  over  it  and  the  en- 
tire sheet  is  then  exposed  to  light.  The  area  of 
the  copper  that  is  exposed  reacts  to  the  light, 
and  this  area  is  then  removed  by  an  etching  pro- 
cess. Exposure  of  the  printed  circuit  is  similar  to 
a  photographic  exposure.  ThV  enamel  on  the  un- 
exposed circtiit  protects  the  unexposed  copper 
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Figure  8*30.^fety  wiring  a  connector. 

from  the  etching  bath  that  removes  the  exposed 
copper.  After  the  etching  bath,  the  enamel  is 
removed  from  the  printed  circuit.  This  lejaves  the 
surfaces  in  a  condition  for  soldering  parts  and 
connections. 

.  Some  manufacturers  use  machinery  to  mount 
standard  parts  like  capacitors,  resistors,  and  tube 
^  sockets-further  speeding  manufacture.  Circuits 
thus  produced  operate  as  well  as  conventional 
circuits      are  as  easily  repaired. 

Repair  Technique 

The  Navy  Electronics  Laboratory  tested  many 
standard  capacitors  and  resistors  soldered  to 
terminals  of  various  types.  These  were  subjected 
to  vibrations  far  in  excess  of  those^encountered 
in  military  ships,  aircraft,  and  other  vehicles. 
Although  the  connections  were  deliberately 
made  without  wrapping  the  wires  around  the 
terminals  before  soldering,  there  were  no  fail- 
ures. (See  fig.  8-31.)  Similar  tests,  with  equally 
encouraging  results,  have  been  conducted  by  a 
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Figure  8*31  .-Soldering  method  recommended  by 
the  Navy  Electronics  Laboratory. 

number  of  cominerpial  electronics  firms. 

The  advanta^e^  to  be  gained  from  using 
connections  that,.<iep«nd  on  solder  for  strength 
are: 

.K,  Ease  of  assembly, 

2.  Ease  of  removal  for  test  of  replacements 

3.  :  Less  »chance .  of  poor  soldering  (lacic  of 
solder  in  jQints  and/or  rosin  joints)  since  faulty 

^  soldering  is  more  readily  detected  by  visi^al  or 
electrical  inspection  methods  than  vv)ien  the 
wire  is  wrapped  before  soldering. 

4.  Less  heat  required  in  soldering  and  im- 
soldering.  "  " 

5.  Less  stram  on  pants  since  llieir  leads  do  not 
receive  as  much  pulling  and  iwisting  as  with  the 
conventional  wrapping  tecbnii}ue. 

*  .  19; 
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Figure  8*33,- Repairing  raised  portion  of  foil. 

Therefore,  it  is  recommended  tkat  small  parts* 
be  connected  with  no  more  than  one-half  turn 
of  wire  around  the  tefmirial,  followed  by  a 
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simple  and  q$at  soldering  job.  This  procedure  is 
especially  advantageous  in  printed  circuit  work. 

The  printed  *  circuit  presents  certain  diffi- 
culties in  soldering',  techniques  that  are  not 
common  to  conventionally  Wired  circuits.  Cer- 
tainly these  printed  circuits  cannot  be  repaired, 
in'a  careless  manner;  but  with  a  little  care  and 
oommonsense,  satisfactory  repairs  can  be  made. 

Should  a  printed  circuit  become  broken,  it  is 
easily  repaired  by  placing  a  short  length  of  bare 
copper  wire  across  the  break  and  soldering  both 
ends  to  the  print;  or,  if  the  break  is  small,  simply 
flow  soWer  aabss  it.  (See  fig.  8-32.)  When 
performing  these  operations,  do  noi  apply  Too" 
much  heat,  and  do  not  permit  solder  to  flow  to 
^her  printed  areas. 

jhe  phenoli(J^ boards  used  for  printed  circuits 
are  similar  to  the  phenolic  strips  used^-for 
conventional  terminal  strips  and  mounting 
boards.  There  has  been  no  difficulty  in  soldering 
to  the  metal  connectors  on  these  terminal  strips 
and  mounting  boards,  so  there  should  be  none  in 
.  sobering  printed  circuits.  In  rare  cases  where 
excessive  heat  causes  separation  of  printed  con- 
ductors from  the  phenolic  board,  repairs  can  be ' 
made  by  using  jumper  wires.  (See  fig.  8-33.) 

/ '  - 

Parts  Repld^mmit^^ 

In  the  previous  paragraphs,  repair  of  the 
printed  portion  of  the  printed  circuit  board  was 
discussed.  In  the  following  paragraphs,  parts 
such  as  transistors,  resistors,  ^capacitors,  etc., 
which  have  soldered  connections  are  discussed. 

Removal  of  a  part  from  a  printed  circuit 
board  without  damaging  the  printed  circuit  or  , 
the  associated  parts  requires  that  the  soldering 
tool  be  used  with»precisk)n  and  skill. 

UNSOLDERING.-When  it  is  necessary  to  do 
any  unsoldering,  the  pencil  iron  and  special  tips 
become  quite  useful.  Figure  8-34  (A)  illustrates 
the  use  of  special  tips  to  unsolder  multiple 
terminals.  However,  it  is  possible  to  do  the 
unsoldering  with  th*;  improvised  method  illus- 
trated in  figure  8-34  (B).  A  ground  lead  con- 
nected from  the  tip  of  the  soldering  iron  to  the 
frame  or  chassis  will  prevent  damage  to  tran- 
sistors and  other  parts  due  to  leakage  current  in 
the  soldering  iron.  Often  it  is  more  convenient. 
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Figure  8-34.-Unsoldering  multiple  terminals.  * 

and  it  is  always  safer,  to  completely  remove  the 
module  and  work  on  it  on  an'Tnsulated  surface. 

The  general  procedure  recommended  for  re- 
moving soldered  parts  is  applicable  to  most 
connections.  A  chassis  holdingjig,  as  shown  in 
figure  8-35,  can  be  easily  fabricated  to  hol(l  the 
printed  circuit  boards.  The  use  of  such  a  jig 
allows  the  worker  to.  make  repairs  easily  and 
safely,  (For  details  in  constructing  the  jig,  refer 
to  NavShips  900,000.100.) 

Position  the  board "  in  a  jig  so  that  the 
terminals  to  be  unsoldered  are  facing  out  and 
down.  Place  the  tip^of  a  hot  pencil  ^Mering  iron 
under  and  against  the  termmal.  The  solder  will 
flow  to  the  soldering  tip,  and  may  be  removed 
from  ihe  tip  by  wiping.  Remove  sufficient  solder 
from  each  of  the  terminals  to  free  the  part. 
When  the  terminals  have  been  loosened,  lift  the 
part  from  the  board.  The  part  to  be  removed 
should* 'never  be  pried  or  forced  loose.  Any 
attempt  to  force  a  part  loose  may  result  in  a 
broken  or  separated  printed  circuit  panel.  If  the 
terminals  do  not  pass  easily  through  their  holes, 
chances  are  that  aU  the  soWer  has  not  been 
removed.  Remove  any  solder  left  in  the  terminal 
hole  after  removing  the  leads^by  applying  the 
soldering  iron  to  the  hold  just  tong  enougli  to 
softdn  the  soWer,  and  then  poke  the  softened 
solder  out  with  a  toothpick,  scribe,  or  small 
brush. 
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Figure  8<35.-Jhi  for  hoMiiHI  printed  circuit  bomda. 


Use  the  special  tips  whenever  possible.  If 
leads,  tabs,  or  small  wires  are  bent  against  the 
board  or  terminal,  slotted  tiplets  may  be  used  to 
simultaneousiy  melt  the  K>!der  and  straighten 
thelead^ 

Parts  such  as  resistors, and  small  capacitors  are 
most  conveniently  removed  if  first  cut  to  free 
their  leads*  Much  If  ss  heat  is  required  to  remove 


a  part  if  Wie  leads  are  free.  In  cases  wh(^e  it  is 
inconvenient  to  remove  a  board  for  access  to  the 
wiring  side,  it  is  usually  possible  to  cut  the  leads 
of  small  resistors  and  capacitors  so  that  a  sipall , 
portion  of  the  lead  is  exposed.  The  new  part  dan 
then  ^e  soldered  to  the  old  leads.  This  technkitie 
is  shown  in  figure  8-36, 

,  The  bar  tiplet  will  rerpove  straight-line  multi- 
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Fif|ur«  8-36.-Reptacefmfrt  of  a  resistor 
on  a  printad  circuit  ^ 
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terminal  mparts  quickly  and  efficiently,  as  shown 
•in  figure  8-34  (A),  The  sknie  thing  can  be  done 
by  individually  heating. each  solder  connection 
and  brushing  away  the  melted  solder. 

With  the  latter  method,  ptulicular  care  must 
be  taken  so  that,  loose  solder  does  not  stick  to 
other  parts  or  the  printed  'panel  where  it  may 
cause  a  short.  Another  way  is  to  improvi^  a  tip 
to  cover  all  the  connections  simultaneously,  as 
illustrated  in  figure  8^4  (B).  Care  must  be 
exercised  to  see  that  this  tool  contacts  only  the 
terminals  to  be  unsoldered-nothing  else.  Do  not 
allow  the  tool  to  remain  in  contact  too  long  at  a 
time. 

The  cup  tiplet,  the  triangle  tiplet,  and  the 
hollow  cube  tiplet  are  specially  designed  to 
withdraw  sekler  from  circular  or  triangular 
mounted  parts  in  one  operation^  as  shown  in 
figure  8-34  (C>.  If  these  tools  are  not  available, 
an  improvised  tip  may  be  used  by  shaping  it  to 
cover  the  terminals..  1'he  same  procedures  and 
precautions  given  for  unsoklering  straight-line 
terminals  apply  here. 

/Most  of  the  components  mounted  on  a 
printed  qrcuit  board  can  be  removed  by  the 
method  described.  If  a  problem  arises  which  has 
not  been  covered  here,  spend  a  little  time 
thinking  about  the  best  way  to  remove  the  part. 
The  planning  done  prk>r  ^o  beginning  work  on  a 
^nted  circuit  will  save  time  in  the  end. 
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Figure  8*38.-Reducing  tip  heat.  ^ 


In  some  cases,  excess  solder  at  a  printed 
circuit  conrtfcctioh  may  make  removal  difficult. 
The  following  method  may  be  helpful  in  such 
cases:  Coat  a  piece  of  clean  copper  braid  (such  as 
a  braided  ground  sUap  or  length  of  cable  shield) 
with  a  noncorrosive  solder  flux  and  apply  it  to 
the  connection*  Heating  the  braid  with  a  solder- 
ing iroii  will  cause  the  excess  solder  to  transfer 
to  the  braid.  Be  careful  not  tq overheat. 

SOLDERING.-There  is  quite  an  art  to  proper 
^Idering,  and  much  experience  is  required 
before  becoming  proficient.  The  proper  length 
of  time  that  heat  must  be  applied  depends  on  a 
number  of  factors  which  will  nofmally  vary 
from  one  connection  to  another.  These  are  the 
kind  and  amount  of  metal  involve,  the  degree 
of  cleanliness,  the  ability  of  surrounding  mate- 
rials to  withstand  heat,  and  the  heat  transfer 
characteristics. 

Tinning  the  work  is  virtually  always  desirable 
unless  it  has  already  been  done.  In  any  event, 
the  iron  should  be  tinned  in  at  least  one  spot,  or 
heat  transfer  to  the  desired  regiqn  with  adequate 
control  of  the  heat  spillover  to 'nearby  materials 
becomes  quite  difficult. 

Maintaining  proper  tinqing.of  the  tip  is  easier 
if  the  tip  is  tinned  with  ^Iv^r  solder.  This  is 
because  the  temperature  at  which  the  bond 


between  the  copper  tip  and  the  silver  solder  is 
formed  is  considerably  higher  than  with  lead-tin 
sokler.  Retinning  of  the  tip  too  frequently,  u^ng 
conventional  solder,  results  in  using  up  the  tip 
*  material  faster  thanjequired,  especially  if  much 
filing  is  done  when  preparing  the  surface  for 
tinning.  • 

Cleanliness  is  a  prime  prerequisite  for  effi- 
cient, effective  soldering*  Due  to  the  tem* 
peratures  involved  and  th^  presence  of  oxygen  in 
the  atmosp)iere,*  heated' metals  can  be  expected 
to  oxidize  rapidly,  and  the  oxide  must  v  be 
removed,  or  penetrated,  before  a  good  solder 
joint  can  be  made. 

The  proper  method  of  sokla*  removal  and 
application  is  illustrated  in  figure  8-37  (A),  (B), 
and  (C).  Part  (A)  illusti^es  the  correct  and 
incorrect  methods  of  solder  application.  The 
correct  method  for  removing  sokler  from  a 
component  without  damaging  the  printed  wiring 
circuits  is  shown  in  (B).  Part  (C)  shows  the 
correct  method  for  applying  solder  to  a  replaced, 
component. 

SOLDERING  TEMPERATURE*~^II  iiigfi 
quality  irons  have  an  bperating  temperature 
range  of  500**  to  600*5  R  This  also  appUes  to 
25-watt  midget  irons*  The  important  difference 
in  iron  sizes  is  not  temperature,  but  rather  the 
capacity  of  the  iron  to  generate  and  maintain  a 
satisfactory  soldering  temperature  while  giving 
up  heat  to  the  joint  to  be  soklered.  Naturally,  a 
2S-watt  irpn  would  not  be  used  to  solder  a 
heavy  box;  however,  it  would  be  quite  suitable 
for  replacing  a  half-watt  resistor  in  a  printed 
circuit.  A  150-watt  iron  may  be  satisfactory  for 
use  on  a  printed  circuit  provided  proper  solder^ 
ing  technk]ues  are  used.  (See  fig*  8*38.)  Ad- 
vantages of  using  a  small  iron  for  small  work  are 
that  it  is  light,  easy  to  handle,  and  has-a  small  tip 
that  is  easily  inserted  into  close  places. 

A  well-deslgned  iro/rt  is  self-regulating  by 
virtue  of  the  fact  that  the  redstance  of  its 
element  increases  with  rising  temperature,  thus 
limiting  the  flow  of  current.  For  critical  work,  it 
is  convenient  to  have  a  variable  transformer  for 
fine  adjustment  of  heat;  but  for  general-purpose 
work,  no  temperature  regulation  is'needed.^ 
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EQUIPMEN J  REMOVAL 
AND  REINSTALLATION 


Planningf  is  the  most  important  step  in  equip- 
ment removal  and  instajlation.  Planning  must 
include  such  items  as  obtaining  the  proper  tools, 
removing  hazards  to*  personnel  and  equipment, 
shop  space,  and  reinstallations  prior  to  the 
actual  removal.  If  these  things^re  not  con- 
sidered and  plans  ma<k  ac£0rdingly7 there  may 
bedtime  lost,  personnel  injuries,  or  equipment, 
-damage,  ^ 

To  remove  a  major  unit  for  maintenance,^ 
periodic  check,  or  lubrication,  plan  the  removal 
carefully.  The  route  the  unit  must  take  from  its 
mounts  to  the  shop  space  must  be  clear.  This 
includes  clearing 'beneh  space  or  other  area  in 
the  shop  where  the  uiyj  is  to  be  placed. 

Before  disconnecting  electrical  connectors  or 
cablesr-either  tag  tiach  connector  and  cable  or 
make  a  diagram  showing  their  respective  posi- 
tions and  identify  them.  This  insures  that  they 
will  be  replaced  properly  when  the  time  comes 
to  reinstall  the  unit.  MOst  equipments  are  made 
so  there  are  no  identical  connectors  or  cables, 
but  occasionally  such  a  condition  does  exist.  On 
such  occasions  improper  installation  is  prevented 
by  tagging  the  connectors  or  cables  with  the 
proper  identification  information  written  on  the 
tag- 

'  Even  though  the  maintenance  problem  may 
be  basically  electrical,  mechanical  connections 
will  also  be  involved  in  the  removal  of  the  major 
unit.  Some  mechanical  connections*  must  be 
noted  so  they  may  be  reconnected  in  a  parti- 
cular positio^These  mechanical  connections 
may  be  gea^r'ist^liried  shaft  and  coupling,  quick 
disconnecl' devices,^  or  any  of  various  others. 
Whatever  the  type  of  connection,  consideration 
must  be  made  for  their  alinetiient  upon  reinstal- 
lation. 

The  necessary  ^nd  proper  tools,  must  be 
obtained.  Wrenches,  screwdrivers,  pliers,  and  if 
the  equipment  is  qxtremdy  hdavy,'^a  hoist,  may 
be  required.  If  help  is  needed,  personnel  must  be 
obtained.  The  entire  removal  procedure  must  be 
thoroughly  explained  to  them,  emphasizing  to 
each  man  his  specific  job.  The  person  in  charge 
of  the  removal  will  issue  all  instructions  timed  so 
that  the  result  will  be  a  smooth  effective 


operation.  The  work  should  be  done  with 
caution  to  eliminate  the  possibility  of  injury  to 
personnel  or  damage  to  the  equipment.  Observe 
all  the  safety  ftrecautions. 

When  the  major  unit  is  In  the  shop,  certain 
precautions  should  be  followed  prior. to  dis- 
assembly or  removal  of  assemblies  or  sub- 
assemblies. The  outside  of  the  unit  should  be 
cleaned,  as  discussed  in  the  previous  section. 
When  the  dust  covers  are  removed,  any  gaskets 
in  use  should  be  inspected.  If  found  damaged, 
new  ones  must  be  obtained.; 

It  should  be  emphasized  that  the  correct 
procedure  for  removing  or  reinstalling  any  parti- 
cular major  unit,  assembly,  or  subassembly  will 
be  found  in  the  maintenance  manuals  for  the 
equipment. 

Reinstallation  is  usually  just  the  reverse  of  the 
removal  procedure.  Although  installation  pro- 
cedures are  listed  in  the  .appropriate  equipment 
manual,  this  phase  of  the  operation  presents  a 
great  deal  of  trouble.  MoW  of  the  troubles  result 
from  carelessness  and  oversight  c  'he  part  of 
the  technician.  Specific  instances  u*.  loose  cable 
connections,  switched  cable  terminations,  and 
improper  bcmding. 

Before  auick-disQonnect  couplings  are  con- 
nected, tHeir  shafts  should  be  checked  for 
alinement.^  If  th|^shafts  are  at  an  angle  to  each 
other,  they  may  bind.  When  Imkages  are  con- 
nected, the  connecting  plh'  or  bolt  must  be 
checked  to  insure  that  wilK,  the  motion  of  the 
linkage  it  will^not  catch  or  cause  the  linkage  to 
bind. 

Electrical  connectors  must  be  connected  care- 
fully to  prevent  bending  or  breaking  the  con- 
necting pins.  Do  not  attempt  .to  connect  a.  plug 
to  the  wrong  receptacle. 

All  connections  must  be  made  securely.  All 
connections,  boih  mechanical  and  electrical, 
sh(fuld  be  inspected  to  insure  that  they  are 
properly  alined.  Any  positive  locking  device  that 
is  required,  such  as  stop  nuts,  safety  wire,  cotter^ 
j  pins,  etc.,  must  be  installed,  ^ 

MURPHY*S  LAW 

There  is  no  doubt  that  all  Aviation  Support 
'Equipment  Technicians  (E)  are  familiar  wHh 
Ohm*s  law.:  There  is  another  law  with*which  the 
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technician  may  not  be  quite  so  familiar.  This 
law,  known  as  Murphy*s  law,  states  that  *iF  AN 
AIRCRAFT  PART  CAN  BE  INSTALLED 
WRONG,  NO  MATTER  HOW  REMOTE  THE 
POSSIBILITY,  SOMEONE  WILL  INSTALL  \Z< 
THAT  WAY/*  This  law  was  written  aMit  \ 
aircraft  but  history  proves  it  appWes^us^el!  to 
support  equipment.  To  ignore  this  law  carifeause 
problems  that  range  from  embarrassment  (of  the 
technician'  to  actual  'destruction  of  equipment, 
injury,  and  death  to  ffersonnel.  Each  month  The 


Naval  Aviation  Safety  Review,  Approach,  pre- 
sents the  problems  caused  by  maintenance 
personnel  when  Murphy*s  law  was  proven  ture. 

For  the  ASE,  the  danger  areas  are  installation, 
of  cable  connector  plugs  on  the  wrong  re- 
ceptacles, crossing  lines,  installing^  tubes  in  the 
wrong  sockets,  etc.  The  possibilities  are  endless, 
and  the  good  maintenance  technician  must  be 
constantly  alert  to  the  danger!  Do  not  become 
victim  to  proving  that  Murphy's  law  is  true. 
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CHAPTER  9 

TEST  EQUIPMENT 


Many  chapto^s  of  this  training  manual  pr«Bent 
basic  principles  and  concepts  of  some  of  the 
equipment  the  technician  will  encounter.  An 
understanding  of  the  theory  of  operation  of  this 
equipment  forms  only  a  portjon  of  the 
knowledge  necessary  to  successfully  perform  the 
maintenance  tasks^  required.  A.ithQro.ugh  knowl- 
edge of  electrical  and  electronic  ^est  equipment 
is  also  needed.  % 

The  test  equipment  discussed^  in  this  chapter 
is  typical  of  equipment  currency  in  use.  The 
purpose  of  •this  chapter  is  to  acquaint  the\ 
technician  with  some  of  the  different  types  of  \ 
test  equipi^ent  (from  the  standpoints  of  theory 
of  operatbn  and  general  operational  and  main- 
tenance procedures).  No  attempt  is  made*  to 
include  theory  beyond  that  necessary  to  de- 
scribed the  operation  of  the  test  set  under 
discussion.  Whenever  the  technician  must  use  a  ^ 
piece  of  test  equipment  with  which  he  is  not 
familiar,  he  should  consult  the  appropriate 
instruction'  manual.  These  publications  contain 
detailed  and  specific  information  ojn  the  partic- 
ular equipment. 

Many  of  the  general  purpose  test  instruments 
are  described  in  Basic  Electricity,  NavPers  10086 
(Series)  and  Basic  Electronics,  NavPers  10087 
(Series).  Test  equipment  ran^s  from  the  simple 
basic  meter  to  the  complex  multipurpose  sys- 
tems test  equipment.  \ 


METERS 

^ 

All  ground  support  equipment  shops  are 
equipped  with  various  types,  of  meters  for 
liieasuring  electrical  quantities.  For  basic  electri- 
cal  measurements  (voltage,  current,  and  resis- 
tance), the  permanent  nta^et  moving-coil  meter 
movement  is  in  universal  use.  This  movement  is 
based  on  the  principle  of  the  D'Arsonval  galva- 


nometer. The  meter  is  constructed  so  that  it  is 
portable,  and  the  movement  is  provided  with  a 
pointer  and  scale  for  indicating  deflections  of 
the  moving  cofl.  This  met^  movement  may  be 
used  as  an  ammeter,  a  voltmeter,  or  an  ohm« 
meter,  depending  on  the  other  oomponjents  used 
with  it  and  how  it  is  connected  into  the  circuit. 

The  permanent-magnet,  moving-coil  meter 
movement  will  operate  only  on  direct-current  of 
the  correct  polarity.  If  reverse  polari|y  is  used 
the  moving-coil  and  pointer  will  try  to  move 
.backwards  and  the  meter  movement  will  be 
damaged;  therefore,  when  it  is  used,  as  a  d-c 
ammpter  or  a  d^  voltmeter,!  polarfty/ must  be 
observed.  To  adapt  the  meter  m^'mejrit  for 
measuring  alternating  curp^nt  and  voltsige,  a 
s^ctifier  is  used  to  conver^the  a.o.  to  dx. 

Several  different  methods  are  used  to  supply 
power  for  the  meter  movements.  Some  meters 
are  ppwered.by  battferies  installed  in  the  meter 
case,  some  receive  power  from  the  circuit  being 
tested,  others  are  supplied  throiigh  an  electrical 
power  cord  which  is  plugged  into  a  power 
receptacle*  A  vacuum  tube  voltmeter  (VTVM)  is 
an  example  of  the  latter  type.  The  power  to 
operate  some  meters  (^ch  as  the  megger)  is 
produced  by  rfianual  operation  of  a  handcrank 
to  drive  a  generator.*, 

Some  meters  are  designed  to  be  used  for 
measuring  more  than  one  \electrical  qUMtity, 
and  are  called  multimeters.  Before  discus^ing^ 
any  one  particular  type  meter\  a  brief  review  of 
each  of  the  basic  meters  is  presented. 

AMMETER 

The  amplitude  of  current  flow  through  the 
basic  meter  movement  limits  it  to  measuring  a 
fixed  rangii^f  only  a  fraction  of  jm  ampere.  To 
overcome  mis  limitation,  and  to  protect  the 
mechanism,  a  current  shunt  is  used.  This  device, 
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Figura  9-2.-( A)  A  ckcuit  diowlng  currant  flow; 
(B)  an  ammatar  connactad  into  tha  circuit 

which  is  actually  a  resistance  of  low  value, 
poinits  the  instrument  ib  serve  as  a  d*c  ammeter 
in  the  measurement  of  r^atively  large  direct 
cui^nts.  By  using  a  rediflpr  with  the  basic 
meter  and  shunt  the  instrument  may  be  used  to 
measure  large  values  of  alternating  current. 


(See  fig.  9-1.)  The  shunt  and  meter  move- 
meat  are  connected  in  parallel  with  each  other 
in  respect  to  the  circuit  being  tested;  therefore, 
the  current  distribution  between  meter  move- 
ment and  shunt  is  inversely  proportional  to  their 
individual  resistance.  TlAis,  the  shunt  (wh  \  has 
less  resistance)  carries  the  m^ority  of  the 
..current.  Since  thje  meter  coil  carries  only  a  small 
portion  of  the  ciijcuit  current,  the  ammeter  is 
capable  of  measuifing  relatively  large  values  of 
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Figure  9*5.»Batic  ohmm«ttr  cvguH. 


circuit  current.  The  instrument  may  be  adapted 
to  a  variety  of  current  ranges  by  the  use  of 
shunts  of  different  values  which  are  switched  in 
or  out  as  required. 

Figure  9-2  (A)  illustrates  current  flow  in  a 
circuit  and  figure  9-2  (B)  shows  how  an  ammeter 
is  connected  into  the  circuit.  The  drcujt  is 
opened  and  the  ammeter  (meter  movement  coil 
and  shunt)  is  connected  in  series  with  the  circuit 
so  that  all  circuit  current  will  flow  through  the 
shunt  and  meter  movement  coil. 

As  mentioned  earlier,  poliarity  must  be  ob- 
serve when  cc^necting  a  d-c  ammeter  into  a 
circuit.  The  negative  (black)  lead  or  (-)  terminal 
of  the  meter  muit  be  connected  to  the  negative 
side  of  the  circui .  and  the  positive  (red)  lead  or 

terminal  of  the  meter  must  be  connected  to 
the  positive  side  of  the  circuit. 

VOLTMETER 

The  same  type  of  meter  movement  is  used  in 
the  voltmeter  as  that  used  in  the  ammeter.  But 
in^ead  of  using  a  shunt,  a  high  resistance 
r^istor  commonly  calljd^a  "multiplier**  is  used. 
The  multiplier  is)  connected  jn  $teries  with  the 
meter  movement  (fig.  9-3)  to  limit  the  current 
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constant  for  any  given  application^  the  flow  of 
current  through  the  coil  is  proportk)nal  to  the 
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Figure  9-7.— Schematic 

voltage  under  measurement.  By  proper  calibra-^ 
tion  of  the  dial,  the  meter  may  be  made  to 
indicate  voltage  although  it  is  actually  activated:^ 
Jby  current.  In  practice,  the  voltage  ranges  of  the/ 
meter  are  established  by  the  use  of  different  ' 
values  of  multipliers  (determined  by  resistance 
of  meter  movement  and  voltage  to  be  mea- 
sured). UsuaUy  voltmeters  will  have  different 
multipliers  built  in,  and  they  are  selected  by 
moving  a  test  lead  to  another  test  jack  or  by 
moving  a  selector  switch  to  another  position. 

The  voltmeter  is  connected  in  parallel  with 
th^  component  (fig.  94)  or  circuit  from  which  a 
voltage  reading  is  beini;  taken.  Care  should  be 
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die^m  of  a  muttime^. 

used  when  taking  a  voltage  reading  to  insure 
correct  polarity  and  that  the  range  of  the  meter 
is  not  exceeded. 

When  taking  /oltage  readings  of  unknown 
polarity,  tap  the  meter  leads  lightly  on  the 
circuit  connections  while' pbserving  the  meter 
needle.  If  needle  movement  is  backward,  reverse 
the  meter  leads  to  obtain  correct  polarity.  A 
selector  switch  is  provided  on  some  meters  for 
*  this  function;  if  so,  it  is  to  be  used  instead  of 
reversing  the  meter  leads.  If  the  value  of  the 
voltage  to  be  measured  is  unknown,  start  with 
the  highest  voltage  scale  of  the  meter  and  work 
down  until  the  proper  voltage  range  is  selected. 
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Fiflur*  9-8.-Muftimeter  AN/PSM-4C. 
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OHMMETER 

An  ohmmeter  is  used  to  meaniire  resistance 
and  check  continuity  (complete^Uth  for  current 
flow),:  The  ohmmeter  uses  the^  same  basic  meter 
movement  as  the  ammeter  arjd  voltmeter.  It  may 
use  shunts,  multiplier  resisturs,  or  a  combination 
of  both.  The  ammeter  ^d  voltn^eter  discussed 
receive  their  power  froprf  the  circuit  being  tested, 
but  the  ohmmeter  i^/as  its  own  power  supply 
consisting  of  one  oi  more  small  batteries  con- 
tained in  the  m^er  case.  A  variable  resistor  is 
provided  on  X)c^  front  of  the  meter  and  is  used 
to  compensate  for  any  change  in  battery  voltage, 
thus  provi^ng  the  technician  with  the  means  to 
set  the  meter  to  zero..  By  shorting  the^test  leads 
together  and  tyrning  the  variable  re^stor  as 
necessary  the  meter  should  a;ero.  However  if  the 
battery  voltage  is  too  low,  the  meter  cannot  be 
zeroed  and  the  batteries  m^ist  be  replaced. 

Prior  to  checking  a  circuit  with  an  ohmmeter 
the  circuit  power  must  be  disconnected;  other- 
wise the  ohmmeter  will  be  damaged.  Analysis  of 
the  circuit  in  figure?  9-5  shows  that  full-scale 
deflection  is  otftained  when  the  meter  probes  are 
lorftd  together,  and  that  less  than  fuU-scale 
deflection  is  obtained  when  the  resistance  to  be 
measured,  Rj^,  is  connected  into  the  circiHt.  ff 
the_  meter  now  reads  one-half  of  its  former 
current,  it  follows  that  the  total  circuit  resis- 
talTcehas  doubled,  indicating  that  is  equal  to 
the  total  circur  resistance. 

Since  the  ohms-calibrated  scale  is  nonlinear, 
the  midscale  portion  represents  the  most  accu- 
rate portion  of  the  scale.  However,  the  usable 
range  extends  with  reasonable  accuracy  on  the 
high  range  end  to  ten  times  the  midscale  reading, 
and  on  the  low  range  end  to  one-tenth  of  the 
midscale  reading.  / 

To  extend  the  range  of  an  ohmmeter,  the 
proper  values  of  shunt  and  series  resistors  and 
battery  >^oltages  are  connected  into  the  circuit  so 
that  witn  the  test  leads  shorted  the  meter  will 
read  full  scale.  Figure  9-6  shows^  simplified 
s^eraatic  diagram  of  an  ohmmeter  section 
taken  from  a  typical  voltohm-milliammeter. 

MULTIMETER 

The  ASE  is  often  required  to  measure  voltage, 
current,  and  resistance  when  performing  electri- 


caJ/electronic  maintenance  and  to  eliminate  the 
necessity  of  using  more  than  one  meter,  the 
multimeter  is  used.  The  multimeter  combines  a 
vojtmeter,  ammeter,  and  ohmmeter  in  one  unit.. 
It  includes  all  the  necessary  switches,  jacks,  and 
additional  devices  arranged  in  a  compact,  po'"ta- 
ble  case  utilizing  one  meter  mcv^enient.  Figure 
9-7  illustrates  a  schematic  diagram  of  a  multi- 
meter circuit. 

The  multimeter  AN/PSM4C  (fig.  9-8)  is 
designed  to  permit  the  technician  to  make 
measurements  of  voltage,  resistance,^ and  current 
by  the  use  of  only  one  self-contained  portable 
instrument.  It  has  the  capability  of  measuring 
a-c  or  d-c  voltage,  resistance,  or  direct  current  in 
a  Wide  range  of  values.  ,The  cover,  which 
contains  a  compartment  for  storage  of  leads  and 
accessories,  remains  with  the  instrument  at  alt 
times  and  forms  a  watertight  seal  when  clamped 
^  over  the  face  of  the  meter.  While  the  instrument 
is  in  use  thfe  cover  clamps  to  the  back  of  the 
meter  cas^,'  thereby  keeping  the  storage  coili^ 
partment  convenient  to  the  operator* 

The  AN/PSM-4C..  is  provided  with  a  pair  of 
standard  test  leads  (one  red  and  one  black) 
which  are  used  for  most  applications  of  the 
instrument.  These  leads  have  elbow  probes  on 
one  «nd  to  connect  into  the  circuit  jacks  on  the 
instrument  and  probe  tips  on  the  other  end  with 
threaded  shoulders  for  alligator  clips.  These  test 
leads  are  used  to  make  all  measurements  except 
d-c  voltage  over  1 ,000  volts. 

For  measuring  d-c  voltages  over  1 ,000  volts,  a 
special  high  voltage  probe  is  provided,  and  is 
used  in  conjunction  with  the  standard  black 
lead.  One  end  of  the  lead  has  a  threaded  tip 
which  screws  .onto  a  post  in  the  face  of  the 
meter  (labeled  5,000  VDC  MULTIPLIER),  The 
other  end  of  the  lead'  has  a  high  voltage 
multiplier  assembly  enclosed  in  a  red  plastic 
housing  with  a  clear  plastic  end  and  terminated 
in  a  clip  at  the  end  of  a  short  piece  of  flexibly 
wire.  The  clear  plastic  end  allows  the  operator  to 
observe  the  glow  of  a  neon  lamp  when  there  is 
high  voltage  present.  The  neon  lamp  is  in  series 
with  a  100-megohm  resistor  within  the  housing. 
When  a  high  voltage  is  being  measured,  the 
current  passes  through  the  lamp  (making  it 
glow),  through  the  resistor,  and  through  the 
armature  of  the  meter. 
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There  are  three  cpntrols  on  the  face  of  the 
meter.  One  is  a  10-position  rotary-switch  in  the 
tower  left-hand  corner  which  is  used  as  a 
function  switch.  Five  of  the  positions  on  this 
switch  are  Used  to  set  up  different  resistance 
scales.  Two  of  the  positions  are  for  selection  of 
d-c  voltage  measurement  (direct  and  reverse). 
The  normal  position  of  the  switch  is  in  the 
DIRECT  position.  I^a  negative  voltage  is  to  be 
measured,  the  switch  is  moved  to  the  REVERSE 
position*  (NOTE:  Never  switch  leads  to  read  a 
reverse  or  negative  voltage.)  One  position  of  the 
switch  is  marked  ACV;  in  this  position  the 
meter  may  be  used  to  read  a-c  voltage.  A 
rectifier  in  the  instrument  changes  the  a-c 
voltage  ta  art  equivalent  d-c  value  which  is 
applied^  to  the  meter.  Q^e  position  is  marked 
OUTPirr.  In  this  position  the  a-c  portion  of 
mixed  a-c  and  d-c  voltage  may  be  read.  One 
position  of  the  switch  \s  -used  when  measuring 
direct  current 'and  is  ftjarked  DC  with  three 
ranges  (UA,  MA,  AMPS)indicated  to  the  right  of 
the  letters  DCl  \ 

In  the  lower  right-hand  comer  is  an* 
jeight-position^  switch  used  to  select  current  and 
voltage  ranges.  Near  tlie  center  of  the  meter  is  a 
control  marked  ZERO  OHMS.  This  control, 
which  is  a  continuously  variable  adjustment,  Is 
used  to  zero  the  meter  thus  compensating  for 
battery  aging  in  the  ohmmeter  circuits.  This 
control  is  adjusted  until  the  meter  indicates 
full-scale  deflection  (indicating  zero  ohms)  when 
the  functton  switch  is  set  at  one  of  the  resistance 
range  positions  and  the  met&t  probes  are  shorted 
together.  To  prevent  erroneous  readings  when 
switching  to  a  different  portion,  a. check  of  the 
meter  zero  indicatbn  is  always  necessary. 

The  multimeter  AN/PSM4C  is  designed  to 
make  the  following  electrical  measurements: 

1.  Direct  current  un  to  10  amperes. 

2. >  Resistances  up  to  300  megohms. 

3.  D-c  voltages  up  to  5,000  v^lts. 
.  4.  A-c  voltages  up  to  1 ,000  volts. 

5.  Output  voltages  up  to  500  volts. 

Input  impedance  for  measuring  d-c  vohages  is 
20,000  ohms  per  volt  and  is  accurate  to  within 
3  percent  of  full^le  (4  percent  for  the  5,000 
VDC  scale);  When  measuring  a-c  voltages,  the 
input  impedance  is  1 ,000  ohms  per  volt  and  i.s 
a'lMurate  to  within  5  percent  of  full  scale. 
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Figure  9-9.- Loading  effect  created  by  meter  resist«ieeu 

Umler  normal  conditions,  no  routine  ^ervica 
inspection  is  necessary  beyond  visual  examina- 
tion at  established  inspection  periods.  If  the. 
instrument  ^  fe  to  be  stored  for  periods  of  i 
6 months  or  longer,  the  batteries,  must  be* 
removed  to  prevent  corrosion.  The  periodic 
inspection  should  include  removal  of  the  battery 
case  cover  to  facilitate  inspection  of  battery 
connections.  If  the  instrument  is  used  under 
extreme  temperature  conditions,  a  visual  inspec- 
tion of  all  parts  should  be  made  at  least  once  a 
month.  The  only  periodic  maintenance  required 
is  inspection,  test,  replacement  of  batteries,  and 
calibration.  * 

VACUUM  TUBE  VOLTMETERS 

The  AN/PSM-4C  ordinary  voltmeter  has  sever- 
al disadvantages  that  make  it  practically  useless 
for  measuring  voltages  in  hi^  Impedance  cir- 
cuits. For  example,  suppose  that  the  plate 
voltage  of  a  pentode  amplifier  is  to  be  measured. 
(See  fig.  9-9.)  When  the  meter  is  connected 
between  the  plate  and  cathode  of  the  electron 
.tube,  the  meter  resistance  K^,  is  placed  in 
parallel  with  the  effective  plate  resistance  R^ff, 
thereby  lowering  the  effective  plate  resistance. 
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The  effective  plate  resistance  is  in  series  with  the 
plate  load  resistox,  R^,  and  this  series  circuit 
appears  across  the  supply  voltage,  E^b,  as  a 
voltage  divider.  Since  the  overall  resistance  is 
lowered,  it  follows  that  current  through  Rt  will 
increase,  the  voltage  drop  across  Rl  will  also 
increase,  and  the  voltage  drop  across  R^ff  v/ill 
decrease.  The  result  is  an  incorrect  indication  of 
plate  voltage,  and  is  called  loading  effect 

\ 

Calculation  of  Loading  Effects  \ 

'  Before  the  voltmeter  is  connected,  thel  plate 
cunent  is  determined  by  the  effective  resistance 
of  the  plate  circuit,  the  plate  load  resisto^,  and 
the  plate  voltage.  If  the  tube  has  ai)  effective 
resistance  of  100,000  ohms,  a  plate  load  resis- 
tance of  100,000  ohms,  and  the  plate  power 
supply  is  constant  at  200  volts,  then  the  platf 
current  is  20Ov/20O,000  or  0.001  ampere.  The 
plate  voltage  (plate  to  cathode)*  is  0.001  x 
100,000,  or  100  volts.  . 

Assume  that  the  voltmeter  used  to  measure 
the  plate  voltage  of  the  tube  has  a  sensitivity  of 
4 ,000  ohms  per  volt  and  Aat  tjj^selected  meter 
range  is  from  0  to  250  volts.  Th^eter  will  then* 
have  a  resistance  of  250,000  ohms.  This  resis* 
tance  in  parallel  with  the  tube  resistance  of 
100,000  ohms  produces  an  effective  resis^nce 
of  71,400  ohms  in  series  with  the  plat^  load 
resistor.  The  total  resistance  across  the  B  ^upply 
is  therefore  171,000  ohms  instead  of  the 
200,000  ohms  before  the  meter  was  applied,  and 
the  current  through  the  plate  load  resistor  is 
200v/171,400,*  or  0.00117  ampere.  Across  the 
plate  load  resistor  the  voltage  drop  is  0.001 17  x 
100,000,  or  117  volts,  and  the  plate-to-cathode  ' 
voltage  on  the  tube  is  200^117,  or  83  volts 
when  the  meter  is  connected,  thus  causing  an 
error  of  17  volts.  The  lower  the  sensitivity  of  the 
meter,  the  greater  the  error  will  be;  in  this 
example,  the  error  of  17  volts  when  ithe  reading 
should  be  100  volts  is  a  1 7  percent  error. 

A  ;neter  having  a  sensitivity  of  20,000  ohms 
per  volt  and  a.250-volt  maximum  scale  reading 
would  introduce  an  error  of  about  1  percent. 
However,  in  circuits  where  very  high  impedances 
are  encountered,  such  as  in  grid  circuits  of 
electron  tubes,  even  a  meter  of  20,000  ohms  pet 


volt  sensitivity  would  impose  too  much  of  a  load 
on  the  circuit. 

VTVM  Advantages 

Anotl^  limitation  of  the  alternating  current, 
rectifier  type  voltmeter  is  the  shunting  effect  at 
high  frequencies  of  the  relatively  large  capaci- 
tance of  the  meter's  rectifier.  This  shunting 
effect  may  be  eliminated  by  replacing  the  usual 
metallic  bxide  rectifier  with  a  diode  electron 
tube;  the  output  of  the  diode  is  applied  to  the 
grid  of  an  amplifier  in  which  the  plate  circuit 
contains  the  d-c  meter.  Such  a  device  is  called  an 
electron  tube  voltmeter  or  a  vacuum  tube 
voltmeter,  usually  abbreviated  VTVM.  Voltages 
at  frequencies  up  to  500  megahertz  and  some- 
times even  hi^er,  can  be  measured  accurately\ 
witl\  this  type  of  meter.  The  frequency  limi-"^ 
tation  is  determined  by  the  model  of  VTVM. 

The  input  impedance  of  a  VTVM  is  large,  and 
therefore  the  current  drawn  from  the'  circuit 
Nvhose  voltage  is  being  measured  is  small  dnc}  in 
:  most  cases  negligible.  The  main  reasoTi  for  using 
a  ^cuum  hxbe  voltmeter  is  to  overcome  the 
loading  effect  by  taking  advantage  of  the 
VfWl's  extremely  high  input  impeflancc.  A 
VTVM  that  is  used  extensively  for  electronics 
maintenance  is  contained'  in  the  TS-505  multi- 
theter. 

Figure  9-10  shows  a  front  panel  view  of  the 
TS-505.  The  VTVM  measures  d-c  voltages  from 
0.05  volt  to  1,000  volts  (in  9  ranges),  and  a-c 
vpltages  from  0,05  volt  to  250  volts  rms  (in  7 
ranges),  at  frequencies  from  30  Hz  to  1  MHz. 
With  the  RF  adapter  that  is  used  with  the  d-c 
voltage  measurement  circuit,  RF  voltages  may 
be  measured  from  0.05  volt  to  40  volts  rms  at 
frequencies  from  500  Hz  to  500  MHz.  Resis- 
tances from  1  ohm  to  1 ,000  megohms  may  be 
measured. 

'  The  -operation  bf  the  meter  is  virtually  self- 
explanatory.  However,  two  of  the  controls 
which  may  notJ>M!le^ly  understood  by  study- 
ing their  respective  maikings  are: 

l.OHMS  ADJUSTi  Used  to  adjust  meter 
pointer  to  infinity  (fc»>|oiU  OHMS  scale  when 
the  function  switch  is  sSTtclKthe  ohms  position. 

2.  ZERO  ADJUST;  Usdd  to  set  the  meter 
pointer  on  zero  when  the  function  switch' ir  set 
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.  on  OHMS,  +De,  -DC,  or  AC,  or  to  set  the 
pointer  at  midscale  when  the  function  switch  is 
set  to  the    DC  position. 

The  accuracy  of  this  meter  i$  good,  being  5 
percent  for  d-c  voltages  and  6  percent  for  a-c 
and  RF  voltages.  The  meter  movement  requires 
)  ma  for  fulkcale  deflection. 

Input  impedance  to'lhe  meter  is  6  megohms 
at  audio  frequencies,  40  megoLms  on  the 
1,000-voIt  d-c  range,  ,and  20  megohms  on  aM 
other  ranges. 

Power  requirements  for  meter  operation  are 
98  to  132  volts,  singje  phase,  50  to  1  ,Q00  Hz,  at 
about  21  voltamperes. 

The  removable  cover  of  the  TS-505  contains 
accessories  such  as  alligator  clips,  an  RF  adapter, 
^  and  miniature  probe  tips.  The  miniature  tips  slip 
over  the  regular  tips  when  working  jn  conflned 
areas. 

Do  not  attempt  to.  use  this  instrument  unless 
you  tave  studied  ,  the  technical  manual  which 
'  sets  forth  the  operating  procedures,  or  unless 
you  have  been  inducted  in  its  proper  usage, 
under  the  direction  of  your  shop  supervisor. 

Two  peculiarities  of  this  meter  are:  ' 

1.  In  order  for  it  to  provide  accurate  readings 
*  it  must  Mrarm  up.  This  usually  takes  about  10 

minutes,  a^id  during  this  period,  tfie  meter 
pointer  normally  drifts  rapidly.  . 

2.  Voltage  measurejnents  cannot  be  read  di- 
rectly on  the  meter  scale  when  the  function 
switch  is  set  at  the  ±  DC  position.  * 

/  The  purpose  of  the  ±  DC  position  (zero  center 
scale)  is,  to  4?termine  the  polarity  of  an  un- 
known d-c  voltage  or  to  indicate  a  zero  d-c 
voltage  input  to  the  multimeter. 

CAUTION:  Tlie  maximum  d-c  voltage  which 
may  be  applied  to  the  multimeter  when  4the 
function  switch  is  set  at  the  DC  position  is 
one-half  of  the  volbge  indicated  by  the  panel 
marking  opposite  th^  range  switch  setting. 

^  The  m^or  difference  between  any  VTVM  and 
a  conventional  multimeter  is  that  the  VTVM 
utilizei  a  vacuum  t^be  in  its  input.  For  ya 

,  detailed  explanation  bf  the  circuitry  of  the 
TS-50S  VTVM  consult  the  manufacturet's  man- 
ual or  the  Operation  Vnd  Service  Instruction 
Manual.  \ 
.  Another  VTVM  type  multimeter  is  the. 
ME-6D/U  shown  in  figure  9- il.  This  meter  is  a 
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FiguraS-1Q.-MuHimaW  TS-S05. 
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highly  sensitive  and  accurate  instrument  used  to 
measure  a*c  voltages  by  the  vacuum  tube  volt- 
meter principle.  As  with  the  TS-505  this  meter  is 
self-confeiined  and  portable.  It  operates  ojli  a 
power  source  of  117  volts  ±10  percent,  50  to 
400  heitz,  single  phase  a.c^  All  operating  controls, 
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1.  indicator  lamp. 
Z  Output  jack. 

3.  Range  saltctor 
(nm}. 

4.  Ground  terminal 


5.  input  tarminal. 

6.  Pcmtrcord. 

7.  Output  control. 

8.  Power  twitch. 

9.  Power  fuft* 

AS.258 

Figure  9-11.-Muittnietei^£-60/a 


signal  input  terminal  posts,v  signal  output  jack, 
and  the  pilot  lamp  are  located  on  the  front 
panel  The  power  fuse  is  replaceable  from  the 
top  surface  of  the  case. 

An  auxiliary  purpose  of  this  meter  is  to  serve 
as  a  high  gain  amplifier.  Maximum  voltage  gain 
of  about  4,500  can  be  achieved.  The  output 
waveshape  up  to  23  volts  ax.  is  essentially 
distortionless. 

A  unique  feature  of  the  meter  is  the  stability 
of  the  gaip  in  the  amplifier  system.  This  feature 
is  achieved  by  feeding  back  part  of  the  amplified 


voltage  to  the  input  circuit.  This  action  provUes 
meter  readings  that  are  practically  independent 
of  variations  in  line  voltage,  tube  aging,  and 
circuit  component  replacement. 

An  understanding  of  the  functions  of  the 
operating  controls  is  necessary  for  intelligent 
operation  of  the-  equipmient.  The  proper  se- 
quence of  the  controls  and  their  functions  m^e: 

1.  POWER  ON-OFF  SWITCH-This  switch 
controls  the  application  of  primary  power  to  the 
equipn^^nt.  The  pilot  lamp  (green)  glows  when 
this  ^ich  Vui  the  ON  po^tion.^ 

2.  INPUT  AND  GROUND  TERMINALS- 
The^  '  terminal  posts  ^  receive  the  signal 
fro^  the  equipment^nder  test.  The  input  signal 
must  be  within  the  frequency  range  of  15  Hz  fo 
250  kHz,  and  within  the  amplitude  range  of  500 
Microvolts  to  500  volts  rms.  The  magnitude  of 
an  a-c  input  .signal  superimposed  *on  a  d-c 
potential  should  not  exceed  1 ,000  volts.  FAIL- 
URE TO  OBSERVE  THIS  PRECAUTION  MAY 
CAUSE  BREAKPOWN  OF  THE  INPUT  CIR- 
CUIT. 

3.  OUTPUT  CONTROI^This  control  is  a 
potentiometer  and  is  used  to  control  the  output 
voltage  when  the  instrument  is  used  as  a  h^h 
gain  amplifier.  Approximately  23  volts  is  avail- 
able at  the  output  jack  when  the  maximum 
allowable  input  ^nal  is  fed  into  the  input  jack* 
The  output  impedance  varies  with  the  setting  of 
the  output  control  with  a  maximum  impedance 
of  10,000  ohms. 

4.  RANGE  SELECTOR--This  is  a  six- 
position  rotary-switch  used  to  control  the  in- 
put signals.  No  attetiuation  of  th^  inj^t  is 
presented  with  the  s^tch  in  the  .005  V  setting, 
and  maximum  attenuatk)n  is  presented  with  the 
switch  in  iht  500  V  poation. 

5.  OUTPUT  JACK-The  output  jack  is  a 
telephone  type  jack  connector  designed  to  re^ 
ceive  a  standard  telephone  plug  with  a  grounded 
sleeve.  A  maximum  signal  of  23  volts  is  available 
at  this  jack  if  the  range  selector  is  set  so  that  the 
meter  deflection  is  full  scale  with  the  output 
control  in  its  maximum  position. 

MEGGER 

A  megger  is  an  instrument  that  applies  a  high 
vokage  to  the  component  under  test  and  mea- 
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sures  the  current  leakage  of  the  insulation.  Thus 
a  capacitor  or  insulated  cable  can  be  checked  for 
leakage  under  much  higher  voltages  than  an 
ohmmeter  is  capable  of  supplying.  It  consists  of 
,  a  handdriven,  d-c  generator  and  an  indicating 
meter.  The  name  m^er  is  derived  from  the  fact 
that  it  measures  resistances  of  many  megohms. 

There  are  various  resistance  ratings  of  meggers 
with  full-scale  values  as  low  as  5  megohms,  and 
as  high  as  10,000  megohms.  Figure  9-12  shows 
the  scale  of  a  lOO-megohm,  SOO-volt  megger. 
Notice  that  the  upper  Umit  is  infinity  and  that 
the  scale  »s  crowded  at  the  upper  end.  The  first 
scale  marking  "bdow  infinity  represents  the 
highest  value  for  which  the  -instrument  can  be 
accurately  used.  Thus,  if  the  pointer  goes  to 
infinity-  while  making  a  test,  it  means  only  that 
the  resistance  is  higher  than  the  range  of  the  set. 

There  are  also  various  voltage  ratings  of 
meggers  (100,  500,  750,  1,000,  2,500,  etc.).  The 
most  common.^type  is  the  one  with  a  500-volt 
rating*  This  voltage  rating  refers  to  thejnaxi- 
mum  output  voltage  of  the  megger  and  is 
dependent  upon  .the  speed  at  which  the  arma- 
ture is  driven  by  the  handcrank.  When  the 
m^er*s  armature  reaches  a/ predetermined 
q>ecd,  a  slip  clutch  prevents  the  armature  from 
being  driven  any  faster,  thus  maintaining  voltage 
at  a  constant  value.  The  voltage  rating  is 
important,  for  the  application  of  too  high  a 
voltage  to  even  a  good  component  will  cause  a 


breakdown.  In  other  words,  do  not  use  a 
500-voh  megger  to  test  a  capacitor  rated  at  100 
volts. 

'Meggers  arejused  to  test  the  insulation  resis- 
tance of  conductors  in  which  shorting  or  break- 
ing do^n  under  high  voltage  is  suspected.  In 
some  situations,  meggers  are  used  in  the  'preven- 
tion of  unnecessary  breakdowns  by  maintaining 
a  record  of  insulation  resistance  of  power  ai^ 
high  voltage  cables,  motor  and  generator  wind- 
ings. These  records  wiU  refleet  fluctuations  in 
resistance  and  aid  in  determining  when  the 
components  should  be  replaced  to  prexent  a 
breakdo>Mn. 

Meggers  are  used  for  testing  capacitors  whose 
peak  voltages  are  not  below  the  output  of  the 
m^er.  They  are  also  used  for  testing  for  high 
resistan<^e  grounds  or  leakage  on  such  devices  as 
antentias  and  insulators. 

TESTING  WJTH  METERS 

Several  rule%  are  set  forth  below  and  are 
intendjed  as  a  guide  to  follow  when  making,  the 
tests  described. 

1.  Always  connect  an  ammeter  in  series. 

2.  Always  connect  a  voltmeter  in  parallel. 

3.  Never  connect  an  ohmmeter  to  an  ener- 
gized circuit. 

4.  Select  the  highest  range  first  then  switch 
to  the  lower  ranges  as  needed. 


V 


Figure  9-12.-Se«te  of  100«m«gohm,  500*volt  mtgger. 
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-JUMPER  ^^^^ 

RETURN  THROUGH 
OHMM&TER 


EQUIPMENT 
STRUCTURE 


.  AT.260 


Figure  9-13.-Continuity  test. 


I  5.  When  using  an  ohmmeter,  select  a  scale 
tiKtt  will  result  in  a  midscale  reading. 

6.  Do  not  leave  "the  selector  switch  of  a 
multimeter  in  any  resistance  position  when  the 
meter  is  not  in  use  because  the  leads  may  short 
together  and  discharge  the  meter's  battery. 
There  is  less  chance  of  damaging  the  meter  if  it 
is  left  on  high  a-c  volts  setting  or  in  the  off 
position  if  it  has  one.  Meters  that  have  an  off 
position  dampen  thie  swing  of  the  needle  by 
connecting  the  'meter  movement  as  a  generator. 
This  prevents  the  needte  from  swinging  wildly 
when  the  meter  is  moved. 

7.  View  the  meter  from  directly  in  front  to 
'  eliminate  parallax  (distortion  due  to  sight  angle). 

8.  Insure  proper  polarity  when  measuring 
d-c  voltage  or  current. 

9.  Do^  not  place  meters  in  the^presence  of 
'  strong  magnetic  fields. 

10.  ^Never  attempt  to  measure  the  Resistance 
of  a  meter  or  a  circuit  ^ith  a  meter  in  it  as  the 
current  reoAiired  for  ohmmeter  operation  may 
damage -Ifie  meter.  This  alsp  applies  to  circuits 
with  low^ilament  current  tubes  and  some  types 
of  crystal  diodes. 

11.  When  measuring  high  resistance,  be  care- 
ful not  to  touch  the  test  lead  tips  or  the  circuit 
as  body  resistance  will  shunt  the  circuit  and 
given  an  erroneous  reading. 


12.  Discharge  filter  capacitors  before  making 
resistance  measurements.  This  is  extremely  im- 
portant when  testing, power  supplies  that  are 
disconnected  from  their  loads.  If  a  capacitor 
discharges  through  .the  meter,  the  surge  may 

,  burn  out  the  meter  movement, 

13.  ConneJt  the  ground  lead  of  the  meter 
first  when  making  voltage  measurements.  Work 
with  one  hand  whenever  possible. 

14.  When  working  on  a  live  electrical  circuit, 
have  a  qualified  man  standing  by  to  assist  in  case 
of  accidental  electrical  shoclc. 

Precautions  to  be  followed  in  the  use  of  the^ 
megger  are  as  follows: 

1 .  When  making  a  megger  test,  the  equipment 
must  not  be  energized.  It  must  be  disconnected 
entirely  from  the  system  before  it  is  tested. 

2.  Observe  all  rules  for  safety  in  preparing 
equipment  for  test  and  in  testing,  espcciaUy 
when  testing  installed  high,  voltage  apparatus: 

1  3.  Use  well-insulated  test  leads,  especially 
When  using  high  range  meggers.  After  the  leads 
aire  connected  to  the  instrument  and  before 
connecting  them  to  the  component  to  be  tested, 
operate  the  megger  and  make  sure  there  is  no 
leak  between  the  leads.  The  reading  should  be 
infinity.  Make  certain  the  leads  are  not 
broken-do  this  by  touching  the  test  ends  of  the 
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^  * 

leads  together  whUe  turning  the  crank  slowly. 
The  reading  should  be  approximately  zero. 

,4.  When  using  high  range  meggers,  take 
proper  precautions  against  electric  shock.  There 
is  sufficient  capacitance  in  mo_st  electrical  equip- 
ment.10  "store  up*'  sufficient  ^ergy  from  the 
megger  generator  to  give  a  very  disagreeable  and 
even  dangerous  electric  shock.  Because  of  a  high 
protective  resistance  in  the  megger,  its  open 
circuit  volta^  is  not  as  dangerous,,  but  care 
should  be  exercised. 

5.  Equipment  having  considerable^  capaci- 
tance should^  be  discharged  before  and  after 
making  megger,  tests  in  order  to  avoid  tHe  danger 
of  receiving  a  shock.  This  can  be  accomplished 
by  grounding  or  short  circuiting  the  terminals  of 
the  equipment  uridTer  test. 
'* 

Continuity  test 

Open  circuits  are  those  in  which  the  flow  of 
current  is  interrupted  by  a  broken  wire,  de- 
fective switch,  or  any  other  condition  which 
does  not  allow  current  to  flow.  The  test  used  to 
check  for  opens  (or  to  see  if  the  circuit  is 
complete  or  continuous)  is  called  continuity 
testing* 

'  •  An  ohmmeter  is  excellent  for  making  a 
continuity  test.  In  an  emergency  however,  a 
continuity  tester  can  readily  be  made  from  a 
flashlight.  Normally,  continuity  tests  are  per- 
formed in  circuits  where  the  resistance  is  very 
low  (such  as  the  resistance  of  a  copper  con- 
ductor)* An  open  is  indicated  in  these  circuits  by 
a  very  high  or  infinite  resistance. 

The  diagram  in  figufe  9-13  shows  a  continuity 
test  of  a  cable.  Notice  that  both  connectors  are^ 
disconnected  and  the  ohmmeter  is  in  series  with  * 
the  conductor  under  test.  The  power  must  be 
off.  Checking  conductors  A,  and  C,  the 
current  from  the  ohmmeter  will  flow  through 
plug'  No;  2^  throu^  the  conductor,  and  plug  No. 
1.  From  this  plug  it  will  pass  throi^  the  jumper 
^to  the  chassis,  which  is  "grounded**  to  the 
^structure.  The'  structure  will  s€frve  as  the  re^urp 
path  to  the  chassis  of  unit  2  completing  the 
circuit  to  the  rfimmeter.  The  ohmmeter  will 
indicate  a  b w  Resistance. 

Checking  conductor 'D  will  reveal  an  open. 
The  ohmmeter  will  indicate  maximum  resistance 


because  current  cannot  flow. 

Where  the  equipment  structure  cannot  be 
used,  as  the  return  path,  one  of  the  other 
~  ^^Qirductors  may  be  use3rForgxample,  ta  check 
D  a  jumper  is  connected  from  pin  D  to  pin  A,of 
plug  1  and  the  ohmmeter  leads  are  connected  to 
pins  D  and  A  of  plug  2.  This  technique  will  also 
reveal  the  open  in  the  circuit. 

Gkrounded  Circuit  Test 

,  Grounded  circuits  are .  caused  by'  some  con- 
ducting part  of  the  circuit  making  contact  either 
directly  0/  indirectly  with  the  metallic  frame- 
work. Grounds  may  have  many  causes,  the  most 
common  of  which  is  perhaps  the  fraying  of 
insulation  from  a  wire  allowing  the  bare  wire  to 
come  in  contact  with  the  inetal  ground- 

Grounds  are  usually  indicated  by  blown  fuses 
or  tripped  circuit .  breakers.  Blown  fuses  or 
tripped  circuit  breakers,  however,  may  also 
result  from  a  short  other  than  ground.  A  high 
resistance  ground  may  also  occur  where  not 
enough  current  can  flow  to  rupture  the  fuse  or 
open  the  circuit  breaker. 

In  testing  for  grounds,  the  ohmmeter  is 
usually  used  but  other  continuity  testers  may 
also  be  used.  By  measuring  the  resistance  to 
ground  of  any^  point  in  a  circuit,  it  is  possible  to 
determine  if  the  point  is  grounded.  By  con- 
sidering figure  9-13,  one  possible  means  of 
testing  a  cable  for  grounds  can  be  seen.  If  the 
jumper  is  removed^rom  pin  D  of  plug  No.  1,  a 
'  l^ester  for  grounds  is  made  for  e^ch  conducfor  of 
the  cable.  This  is  accomplished  by  connecting 
©ne  meter  lead  to  ground  and  the  other  to  each 
of  the  pins  of  one  of  the  plugs.  A  low  resistance 
will  indicate  that  a  pin  is  grounded.  Both  plugs 
must  be  disconnected  from  their  respective' 
units;  if  only  one  plug  is  removed,  a  false 
indication  is  possible  because  a  conductor  may 
be  grounded  through  the  unit. 


/ 


Test  for  Shorts 


A  short  circuit,  other  than  a  grounded  one,  is 
one  where  two  conductors  accidentally  touch 
each  other  directly  or^  through  another  con- 
ducting element.  Two  conductors  with  frayed 
insulation  may  touch  and  cause  a  short.  Too 
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much  solder  pm^the  pin  of  a  connector  may 
short  to  the  adjacent  pin.  In  a  short  circuit, 
sufficient  current  may  flow  to  blow  a  fuse  or 
trip  a  circuit  breaker.  However,  it  is  possible  to 
have  a  short  between  two  or  more  conductors 
with  the  Only  indication  being  a  malfuiiction  of 
the  equipment.  For  example,  in  a  group  of 
indicator  lights  designed  to  indicate  individual 
.  ciriUiit  operation,  a  short  between  two  of  the 
power  carrying  conductors  leading  to  the  lights 
.would  cause  more  than  one  of  the  lights  to 
illuminate  when  actually  only  one  circuit  is 
energized. «  I 

As  when  checking  for  a  ground,  the  device 
.used  for  checking  for  a  short  is  tne  ohmmeter. 
By  measuring  the  resistance  between  two  con- 
ductors a  short  between  them  mav  be  detected 
by  a  low  resistance  reading.  In  fl&ure  9-13  by 
removing  the  jumper  and  disconnecting  both 
plugs;  a  short  test  may  he  made.  This  is 
performed  by  measuring  the  resistance  between 
the  two  su^ected  conductors. 

Shorts  are  not  restricted  to  cables  as  they  niay 
also  occur  in  other  components,  such  as  transr 
formers,  mofor  windings^  capacitors,  etc.  The 
major  test  method  for  testing  such  components 
*  is  a  resistance  measurement,  and  then  comparing 
the  indicated  resistance  with  the  resistance 
values  given  on  schematic^  or  in  maintenance 
manuals* 

Volti«eTest 

The  voltage  test  naist  be  made  with  the  power 
ap^ed;  therefore,  the  prescribed  safety  pre- 
cautions must  be  followed  to  prevent  injury  to^ 
personnel  and  damage  to  the  ^uipment.  The 
technician  will  find  in  his  maintenance  work 
that  a  yoltage  test  is  of  utmost  importance;  it  is 
used  not  only  in  isolating  malfunctions  to  m^or 
components  but  also  in  the  maintenance  of 
subassemblies,  units,  and  circuits.  Before  check- 
ing a^cuit  voltage,  a  check-on  the  voltage  of 
the  power  source  should  be  made  to  be  sure  that 
the  specified  vohage  is  being  impressed  across 
the  circuit. 

Obviously,  the  voltmeter  is  used  for  voltage 
tests.  In  using  the  voltmeter  make  certain  that 
the  meter  Controls  are  positioned  for  the  type 
voltage  (a.c.  or  d.c.)  to  be  tested  and  has  a  scale. 


of  adequate  range.  Since  defec  ive  parts  m  a 
circuit  may  cause  higher  than  normal  voltages  to 
be  prese^it  at  the  pomt  of  test,  the  highest 
voltmete^  range  available  should  be  used  at  first. 
Once  a  readmg  has  been  obtained,  determine  if  a 
lower  scale  can  be  employed  without  damaging 
the  meter  movement.  If  so,  use  the  lower  scale 
to  obtain  a  more  accurate  reading. 

Another  consideration  in  the  circuit  voltage 
test  is  the  resistance  and  current  in  the  circuit  A 
tow  resistance  in  a  high  current  circuit  woukl 
result  hi  conaderable  voltage  drop;  whereas,  the 
same  value  resistance  in  a  low  current  circuit 
may^he  negligible*  Abngrtnal  )b^tance  in  part 
of  a  circuit  can  be  checked  either  ^vith  an 
ohmmeter  or  voltmeter.  Where  pfirctical,  im 
olTmmete/  should  be  used,  in  that  the  test  is 
then  carried  out  with  the  circuit^deenergized. 

Reristan(»  Test  \  , 

Before  checking  the  resistance  of  a  circuit  or 
of  a  part,  make  certain  that  the  power  has  beeij 
turned  off  and  ^capacitors  in  the  associated 
circuit  are  discharged.  To*  check  continuity, 
always  employ  \he  lowest  ohmmeter  range.  If  a 
high  range  is  used,  the  meter  may  indicate  zero, 
even  though  appreciable  resistance  is  present  in 
the  circuit,  inversely,  to  check  a  high  re- 
sistance, use  the  highest  scale,  since  the  low 
raifte  scale  may  indicate  infinity  though  the 
resistance  is  less  than  a  megohm. 

In  making  resirtancc  tests,  take  into  account 
that  other  circuits  may.be  in  parallel  with  the 
drcuit  to  be  measured,  in  which  case  an  erro- 
neous c6nclusion  may  be  drawn  from,  the 
leading  obtained.  To  obtain  an  accurate  reading 
if  other  parts  are  connected  across  the  suspected 
circuit,'  one  end  of  the  circuit  to  be  measured 
must  be  disconnected  from  the  equipment.  For 
example,  many  of  the  resistors  in, major  com- 
ponents and  subassemblies  are  connected  across 
transformer  windings*  To  obtain  a «  valid  tp- 
^stance  measurement,  the  r^tor  to  be  mea- 
sured must  be  isolated  from  the  shunt  re- 
sistances. 

The  majority  of  the  circuits  encountered  in 
ground  support  equipment  are  low  current 
circuits.  Also  many  of  the  schematics  indicate 
the  required  voltages  at  many  test  points.  Thus, 
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part  to  be  checked.  The  ohmmeter,  set  for  a 
high  resistance  range,  is  then  connected  between 
ground  and*  each  electrically  separate  circuit  of 
the  part  under  test.  Any  resistance  reading  less 
than  infinity  indicates  at  least  a  partial  ground. 
Capacitors  suspected  of  being  short  circuited  can 
also  be  checked  by  a  resistance  measurement. 

To  check  a  capacitor  suspected  of  being  open, 
you  can,  without  removing  it,  temporarOy  shunt 
a  capacitor  of  known  condition  across  it,  and 
recheck  the  performance  of  the  circuit. 

Current  Test 

To  measure  the  current  in  a  circuit,  the 
ammeter  must  be  placed  in  series  with  the 
circuit.  T!as  introduces  the  problem  of  obtaining 
an  accurate  current  reading*  Ohms  law  states 
that  the  current  in  a  circuit  is  equal  to  the 
voltage  applied  divided  by  th^  total  resistance.  It 
thus  becomes  obvious  that  adding  the  resistance 
of  an  ammeter  to  a  circuit^  will  reduce  the 
current  in  the  circuit*  For  accurate  measure- 
ments and  to  protect  the  meter,  shunt  resistors 
are  switched,  across  the  meter  movement  as 
described  in  Basic  Electricity,  NavPers  10086 
(Series)* 

Table  9 -1.-^lrcuit  loadma  effect- VTVM  vs.  non-electronic  voltmeter 


^      Input  resistance 

Range 
(Volts) 

VTVM  ' 

Nonelectronic 
voltmeter* 

Circuit  loading  effect 

5 

10  megohm 

0.1  megohm 

Nonelectronic  voltmeter  100  times  that  of  VTVM. 

10 

10  megohm 

0.2  megohm 

Nonelectronic  voltmeter  sd"  times  that  of  VTVM. 

,  50 

10  megohm 

1.0  megohm 

j 

Nonelectronic  vo^meter  10  times  that  of  VTVM. 

100 

10  megohm 

2.0  megohm 

Nonelectronic  voltmetfer  5  times  ^hat  of  VTVM. 

500 

10  megohm 

10.0  megohm 

Nonelectronic  voltmeter  samecafe  that  of  VTVM. 

1,000 

^10  megohm 

20.0  megohm 

Nonelectronic  volthieter  one -half  that  of  VTVM. 

♦Nonelectronic  voltmeter -20, 000  ohm -per -volt  type. 


if  a  certain  stage  is  suspected,  a  v^kifge  check 
should  be  mad*.  A  voltmeter  placed  from  the 
test  point  to  ground  should  indicate  the  voltage 
as  given  on  the  schematic. 

Many  manuals  also  contain  voltage  charts 
where  all  the  voltage  measurements  are  tabu; 
lated.  These  charts  usually  indicate  the  sensi- 
tivity ot4he  meter  used  to  obtain  the  voltage 
readings  for  the  chart  and  to  obtain  comparable 
results,  the  technician  must  use  a  voltmeter  of 
the  same  sensitivity  as  that  specified.  Make- 
certain  that  the  voltmeter  is  not  loading  the 
circuit  while  taking  a  measurement.  If  the  meter 
resistance  is  not  conadferabljc^higher  than  the 
circuit  resistance,  the  reading  will  be  markedly 
lower  than  the  true  circuit  voltage.  (To  calculate 
the  meter  resistance,  multiply  the  rated  ohms- 
per-volt  sensitivity  value  of  the  meter  by  the 
scale  in  use.  For  example^  a  .  1,000  ohms-per-volt 
meter  sef  to  the  300-volt  scale  will  have  a 
resistance  value  of  300,000  ohms.)  (See^  table 

Kesistahce  test^  are  also  used  for  checking  a 
part  for  grounds.  In  these  tests,  the  sections  to 
be  tested  sh-^^uld  be  disconnected  from  the  rest 
of  the  circuit  so  that  no  normal  circuit  ground 
will  exist.  It  is  *not  necessary  to  dismount  the 
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26      25     24  M 


1. 

FuM.lamp. 

12. 

Naon  lamp. 

23. 

Suppronor  totoctor. 

z 

Lbw  kQuM  control. 

13. 

Motor. 

24. 

Cotho^  soloctor. 

3. 

niotligtit. 

14. 

Motor  rovortt  twitch. 

25. 

4. 

Powtr  twitch. 

IS. 

Roctiflor  twitch. 

26. 

Piatt  Mitelor. 

6. 

FMwtMiit  voiugt. 

1& 

024  twitch.  . 

27. 

Gridtritdor. 

6. 

flwmnt  witcton. 

17. 

Gat  2  twitch. 

28. 

A-G  Ifaitoorfi. 

7. 

A-c  liiw  oord. 

18. 

Gm  1  twitch. 

29. 

& 

GrUjMk. 

19. 

Mut  Cond.  twitch. 

30. 

Pin  stfstQhtcntfs*" 

.9. 

Bias  control. 

2a 

Oiodo  tvritch. 

31. 

Adaptifs. 

10. 

Plttajwk. 

21. 

Lino  Adj.  Switch. 

32. 

Tube  tott  data  manual. 

11. 

Shunt  control. 

22. 

Function  twitch. 

AE.243 


Figure  9-14.-Electron  Tube  Test  Sot  TV-7/U. 
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In  many  eases  Mt  Will  not  be  necessary  to 
measure  the  current  m  a  circuit  as  it  can  be 
easily  calculated  by  dividing  the  measured 
vof^age  drop  in  the  circuit  by  the  resistance  of 
the  circuit* 


COMPONENT  TESTERS 

The  components  considered  to  be  the  most 
essential  in  electronic  circuits  are  electron  tubes 
and  transistors.  Test  equipments  for  these  com- 
ponents,  representative  of  those  in  general  use, 
^  are  discussed  in  this  section. 

ELECTRON  TUBE  TESTER 

The  TV-7/U  (fig.  9-14)  is  a  typical,  general- 
purpose,  electron  tube  tester.  It  is  designed  to 
enable  the  technician  to  quickly  and  accurately 
determine  the  condition  of  electron  tubes.  Tests 
that  can  be  made  include,  but  are  not  limited  to, 
tests  for  shorts,  noise,  ggs,  cathode  leakage,  and  ^ 
quality. 

.The  front  panel  controls  adju&t  (or  switch) 
the  various  woltages  necessary  for  testing.  The 
tube  data  chart  (book  type),  which  is  supplied 
with  the  equipment,  lists  the  control  settings  and 
the  test  specifications  for  the  various  types  of 
tubes  generally  used. 

Before  inserting  a  tube  for  testing,  refer  to 
the  tube  data  chart  and  insure  that  the  front 
panel  controls  are  set  to  the  positions  for  that 
tube  type  in  order  to  prevent  possible  damage 
to  the  equipment  or  the  tube, 

TRANSISTOR  TESTER 

Test  Set,  Transistor  TS-llOO/U  (fig.  9-15)  is 
designed  to  measure  the  beta  parameter 
(characteristics)  of  a  transistor  when  the  tran- 
sistor is  connected  in  a  circuit,  and  to  measure 
beta  and  I^,^  parameters  with  the  transistor 
removed  from  the  circuit. 
The  characteristics  of  the  test  set  are: 
K  Range  of  beta  10  to  »  in  a  single  band. 

2.  Leakage  current  measurements:  0  to  50 
n^icroamperes. 

3.  Temperature  range:  0**  C  to  +50®  C. 

4.  Power  Supply:  Battery  operated. 


U12 


AT.112 

Figura  9'm-T«st  «t,  transistor  TS-1100/U. 

The  equipment  contains  two  separate  battery 
power  supplies.  One  provides  the  power  for  the 
internal  circuits,  and  the  other  furnishes  the  bias 
voltage  required  for  the  transistor  under  test. 
Either  the  mercury  type  or  zinc-carbon  b^teries 
may  be  used  for  operation  of  the  test  set. 

The  following  controls,  as  seen  on  the  front 
panel  (fig.  9  15),  are  incorporated  in  the  test  set: 

1.  POWER  switch  (labeled  ON-OFF):  Turns 
the  internal  power  source  on  or  off.  . 

2.  PNP-NPN  (transistor  select)  swi\ch:  Selects 
proper  collector  bias  polarity  for  the  type 
transistor  under  test. 

3.  BETA  switch:  Permits  readout  of  beta. 

4.  BIAS  SELECT  switch:  Used  to  set  proper 
collector  bias  voltages  (nominally  3,  6,  or  12 
volts).  Also  checks  the  condition  of  internal 
battery  when  in  the  TEST  position. 

5.  RED  LINE  SET  conteol:  Adjusts  the 
amplitude  of  the  test  signal. 
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AS.2S9 

Flgur«  9-16.-aattary/stirtir  tasttr. 

6.  SHORT  switch  (labeled  CB,1  CE,  BE): 
Enables  measurement  of  a  short  circMit  or  a  low 
impedance  in  the  coUe;ctor-base  (CB),  collector- 
emitter  (CE),  or  base-emitter  (BE)  circuits. 

7.  1^  switch:  Enables  readout  of  transistor 
leakage* 

8*  SHORT  indicator:  The  indicator  lamp  will 
light  when  a  short  circuit  or  low  impedance 
exists  ip  either  the  transistor  under  test  or  in  the 
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Fi^«  9-17.*-hinition  coll  Mttr. 


surrounding  circuitry.  If  the  lamp  lights,  this 
indicates  a  load  of  less  than  500  ohms. 

9.  TEMPERATURE  indicator:  The  indicator 
lamp  will  light  when  the  ambient  temperature 
surrounding  the  equipment  exceeds  122**  F.  This 
indicates  that  the  equipment  is  bperating'in  an 
environment  beyond  that  for  which  it  ha«  been 
designed,  and  that  measurement  inaccuracies 
will  arise. 

10.  METER:  Indicates  magnitude  of  beta; 
indicates  magnitude  of  I^q*  and  indicates  the 
condition  of  the  mtcrnal  battery.  (The  battery  is 
good  when  the  meter  needle  moves  under  the 
green  band  on  the  dial.) 

11  •  PROBE  connector:  For  conneqting  the 
cables  (furnished  with  the  test  set)  to  the 
transistor  to  be  tested. 

12.  TRANSISTOR  socket  (labeled  E-B-C): 
Enables  direct  connectk>n  between  the  test  set 
and  transistor  to  be  tested. 

13.  BATTERY  DISCONNECT  switch  (upper 
left  corner  of  panel-not  labeled):  Disconnects 
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the  internal  battery  when  the  front  cover  is 
snapped.in  place. 

For  proper  procedure  in  operating  the  test 
Set,  refer  to  Technical  Manual  for  Test  Set 
.   ,  Transistor  TS-1100/U,NavShip?93277.^ 

AUTOMOTIVE  TESTERS 

All  automotive  test  equipment  is  designed  and 
ccRstrucled  to  perform  tests  of  one  or  more 
specific  types.  These  tests  are  used  to  determine 
the  proper  operation  of  the  battery,  sfarter, 
ignition,  and  generator  of  the  automotive  elec* 
trical  system.  Without  proper  test  equipments 
the  ASE  would  be  handicapped,  and  many 
manhours  would  be  utilized  in  a  hit  and  miss 
system  of  troubleshooting.  Every  ASE  should 
learn  to  use  available  test  equipment  properly 
and  familiarize  himself  with  the  contents  of  all 
applicable  instructioii  manuals. 

Many  automotive  electrical  system  troubles 
can  be  located  by  use  of  voltmeters,  ammeters, 
and/or  ohmmeters  which  were  discussed  earlier 
in  this  chapter. 


AS.261 

Figure  9-18.-C«pacitor  ttttir. 


ERLC 


BATTERY/STARTER  TESTER 

A  battery/starter '  tester  (fig.  9-16)  is  an 
instrument  oised  for  checking  the  condition  of 
the  startmg  system  of  a  vehicle.  The  tester 
consists  of  a  voltmeter,  an  ammeter,  and  a 
carbon  resistor.  The  resistor  may  be  adjusted  to 
place  a  load  on  the  battery.  With  the  battery/- 
starter  tester  the  ASE  can  make  a  battery 
capacity  test  and  a  cranking  voltage  test,  check 
the  insulated  circuit  and  switches  within  flie 
system,  check  the  starter  ground  circuit,  and 
make  a  starting  motor  amperage  (ftaw  test. 


AS.262 

Figurt  9*19.«-Diftrtbutor  tttttr. 
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IGNITION  COIL  TESTER 

An  ignition  coil  tester  (fig.  9-17)  is  an 
instrument  that  simulates  an  ignition  system. 
Whether  the  coil  is  operating  in  the  ignition 
system  or  the  ignition  coil  tester,  the  coil 
functions  the  same. 

The  main  function  of  an  ignition  coil  is  to 
take  electrical  energy  from  the  vehicle's  low 


voltage  system  and  transform  that  energy  into 
the  high  voltage  necessary  to  jump  a  spark  plug 
gap.  When  a  coil  becomes  defective*  some  of  its 
energy  will  be  Ipst  in  the  coil  itself.  If  enough 
energy  is  lost,  there  will  not  be  a  sufficient 
amount  left  to  cause  a  spark.  A  slight  amount  of 
energy  lo^  in  a  coil  may  not  affect  ignition 
performance;  however,  once  a  coil  starts  to 
break  down,  it  takes  only  a  short  time  before  it 
fails  completely.  Early  detection  for  slight  coil 
defects  is  an  important  feature  of  the  coil  tester. 

Coil  troubles  can  be  grouped  ^  into  three . 
general  clarifications: 

1  •  Shorted  turns  in  the  primary  or  secondary 
windings. 

2.  Insulation  breakdown  between  turns  of 
wires  and  coil  case. 

3.  Broken  wires  in  either  the  primary  or 
secondary  windings. 

All  of  these  troubles  can  be  detected  by 
making  a  coil  capacity  test  and  a  secondary 
continuity  test  The  manufacturer's  manual  for 
the^  test  equq^ment  will  show  how  to  hook  up 
the  tester  and  gives  the  readings  that  should  be 
obtained. 

Sometimes  coil  troubles  show  Jp  only  when 
the  coil  is  at  opiating  temperaturfev  For  this 
reason,  provision  is  made  for  the  tester  to 
quickly  heat  the  coil  to  operating  temperatures* 

CAPACrrOR  TESTER 

A  capacitor  tester  (fig.  9-18)  is  used  to 
measure  the  series  resistance,  capacity,  and 
leakage  of  ignitk)n  oapacitors.  In  addition  to 
testing  capacitors,  the  capacitj^r  tester  also  serves 
as  a  conven^nt,  low  range  ohmmeter  permitting 
resistance  measurements  to  be  made  of  fuel 
gages,  horn  relays,  overdrive  circuits  and  many 
other  electrical  components  and  circuits. 

The  manufacturer's  manual  gives  information 
on  how  to  use  the  particular  equipment  to  the 
best  advantage. 

s 

DISTRIBUTOR  TESTER 

Distributor  testers  are'  variable-speed  devices 
designed  to  drive  uninstalled  distributors  at 
various  speeds  for  testing.  The  distributor  tester 
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(fig.  9-19)  is  a  self-contained  electrically 
operated  device  used  for  testing  and  analyzing 
ignition  distributorsff  It  functioiiS  to  determine 
whether  the  distributor  being  tested  meets  the 
manufacturer's  specifications.  The  unit  provides 
for  accurately  checking  the  cam  angle,  spark 
advance  (vacuum  and  mechanical),  and  cam  lobe 
accuracy  of  distributors  having  either  clockwise 
or  counterclockwise  lotation.  The  unit  operates 
on  1 1 5-volt,  60-hertz  alternating  currenf. 

IGNITION  ANALYZER 

The  ignition  analyzer  (fig.  9-20)  is  a  cathode 
ray-oscilloscope  measuring  and  testing  device.  It 
is  engineered  specifically  to  give  quick,  im- 
portant information  concerning  an  automotive 
ignition  system. 

There  are  several  manufacturers  of  ignition 
analyzers  and  sLght  variations  in  operation  may 
be  encountered,  so  before  using  an  analyzer  with 
which  you  are  not  familiar,  always  check  Ihe 
manufacturer's  manual. 

The  ignition  analyzer  will  indicate  the  follow- 
ing information  about  the  operating  condition 
of  an  ignition  system  of  any  vehicle  using  a  6-  or 
1 2-voIt  ignition  system. 

1 .  Ignition  coil  polarity. 

2.  Spark  plug  firing  voltages. 

3.  Secondary  system  insulation. 

4.  Available  secondary  ignition  voltage. 

5.  Secondary  circuit  reastance., 

6.  Distributor  point  dwell. 

7.  Distributor  cam  lob  accuracy. 

8.  breaker  point  action. 

9.  Ignition  voltage  reserve. 

10.  Point  arcing.  * 

1 1 .  Point  bounce. 

12.  Erratic  point  closing. 

13.  Spark  plug  condition. 

The  ignition  analyzer  produces  an  image  of  a 
waveform  on  a  screen  which  indicates  what  is 
occurring  in  the  ignition  system.  The  technician 
simply  checks  what  he  sees  on  the  screen  against 
a  normal  waveform.  (See  fig.  9-20.)  Any 
variations  of  the  normal  waveform  can  be 
interpreted  by  checking  the  manufacturer's 
manual* 

Most  ignition  analyzers  are  powered  by 
11 5-volt  50-  to  60-hertz  single-phase  alterndtlng 


current.  The  ignition  analyzer  is  a  portable 
device;  it  calii  be  moved  about  easily  and  can  be 
plugged  into  any  standard  electrical  outlet.  Make 
sure  the  machine  is  grounded  before  turning  it 
on. 

,  Controls  for  the  ignition  analyzer  are  located 
on  the  front  panel  convenient  to  the  operator, 
and  are  clearly  identified  as  to  their  functions.  A 
pilot  light  on  the  panel  indicates  whether  the 
ignition  analyzer  is  on  or  off. 

UNIVERSAL  ENGINE  ANALYZER 

The  universal  engine  analyzer  illustrated  in 
figure  9-21  is  manufactured  by  the  Simpson 
Company  and  is  representative  of  the  auto- 
motive electrical  test  equipment, available  to  the 
ASE.  This  engine  ^nalyzer  combines  many  of 
the  features  of  the  automotive  testers  discussed 
previously. 

1.,  Tachometer- The  tachometer  is  designed 
for  use  on  6-,  12-,  24-,  and  3 2- volt  electrical 
systems  of  both  distributor  and  magneto 
ignition  systems.  The  rpm  ranges  are  represented 
on  two  scales -a  0-1, 000  rpm  scale  and  a  0-8,000 
rpm  scale. 

2.  Dwell  meter-The  dwell  meter  can  be 
used  on  ^6-,  12-,  24-,  and  32-volt  systems.  It 
indicates  the  dwell  interval  for  4-,  6-,  and 
8-cylinder  engines. 

3.  Vacuum  gage-The  vacuum  gage  indicates 
manifold  vacuum  in  both  inches  and  millimeters 
of  mercury. 

4.  Fuel  flow  and  pressure  gage-The  fuel 
flott'  and  pressure  gage  indicates  pressure  in  psi 
and  fuel  flow  in  pints  per  minutes. 

5.  Cylinder    condition   analyzer-The  *- 
cylinder  analyzer  accurately  pinpoints  the  loca- 
tion and  extent  of  compression  leaks  before 
engine  disassembly.  '  ^ 

6.  Timing  advance  indicator-The  timing  in- 
dicator performs  speedy  initial,  timing  checks 
and  fast  accurate  measurement  of  distributor 
advance  mechanisrq^  operation  while  the  engine 
is  running.  A  tachometer  is  provided  with  this 
test  indicator. 

7.  Coil  tester-The  coil  tester  is  capable  of 
testing  the  coil  primary  and  secondary  windings 
for  opens,  continuity,  gtoiinds,  stress  voltages, 
and  insulation  leakage.  ^ 
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Figure  9-21.-Ufitvmal  analyzdr. 


8.  Condenser  tester-The  condenser  tester  is 
capable  of  performing  the  three  basic  functions 
required  in  testing  condensers:  series  resistance, 
leakage,  and  capacity. 

9.  Ammeter-The  ammeter  is  capable,  by 
use  of  ^unts,  of  m^suring  currents  up  to  300 
amperes.  As  with  all  of  these  components,  it 
wc^s  on  voltages  of  6,  12,  24,  32. 

10.  Voltmeter-The  voltmeter  is  capable  of 
measuring  voltages  of  6-,  12-,  24-,  and  32-volt 
systems. 

1 1 .  Ohmmeter-The  ohmmeter  is  capable  of 
providing  continuity  readings  and  accurate  re- 
sistance readings  to  1 00,000  ohms. . 


12.  Battery-starter  tester-The  battery-starter^ 
tester  quickly  and  accurately  tests  starter  crank- 
ing voltage,  txittery  capacity  and  condition, 
starter  amperage  draw  and  circuit  resistance  of 
switcl^es,  cables,  and  connections* 

13.  Generator  and  voltage  and  current  Regu- 
lator Tester-This  test^  measures  the  voljt^ 
and  amperage  of  and  resistance  in  generators, 
alternators,,  voltage  and  cunent  regulator^,  re- 
lays; and  wiring  of  all  6*,  12-,  24-,  and  32-voIt 
a-c  and  d*c  systems.  Specific  testing  capabilities 
include  cuifent  draw  ot  a-c  and  d-c  generator 
fields,  a-c  and  d-c  generator  outputs,  regulator 
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opening  and  closing  voltages,  and  voltage  and 
current  regulator  settings. 

14.  Ignition  tester--This  unit  measures  the 
resistance  and  insulation  (leakage)  of  both  pri- 
mary and  secondary  ignition  circuits;   ^^  -^ 

15.  Remote  starter-ignition  switch-^The  re- 
mote starter-ignition  switch  provides  engine 
startc.  and  ignition  control  from  Uhdernood 
positions. 

16.  Accessories-The  accessories  include  a 
complete  kit  of  all  required  connectors,  adapt- 
ers, and  charts  necessary  for  checking  both 
waterproof  and  nonwaterproof  automotive 
systems.  ^ 

17-  Stand-The  stand  is  ,.a  completely  en- 
ctosed  storage  cabinet,  designed  for  storing  all 
the  analyzer  components. 

Notice  in  figure  9-2 1  that  several  of  the  items 
mentioned  above  have  been  combined  into  one 
single  poniponent.  These  compoa^nts  may  be 
remolded  from  the  analyzer  stand^'and  used  as 
individual  testers*  Each  of  the  large  components 
is  provided  with  its  own  carrying  handle. 

GENERATOR-ALTERNATOR  TESTER 

The  generator-alternator  tester  Model  GAT- 
620  (fig.  9-22)  is  manufactured  by  the  Sun 
Electric  Cbrporatioru  This  tester  is  designed  td""^ 
accurately  test  6-,  12-,  and  24-volt  light  and 
heavy  duty  automotive  generators,  alternators, 
and  regulators.  The  tester  has  one  I2-vnlt 
battery  and  two  6-volt  batteries  connectejj  in 
series  and  tapped  so  that  a  6-,  12-,  or  2CvoIt 
circuit  can  be  obta^ied.  The  tester  has  a  1 
1/2-hp,  constant  speed,  220-volt,  single-phase, 
60-hertz,  electric  motor  to  drive  the  generator  or 
alternator. 

The  generator  or  alternator  and  regulator  can 
be  mounted  on  the  tester  and  tested  for  proper 
operation.  The  opening  and  closing  voltages  and 
currents  of  the  regulator  relays  can  be  checked 
and  adjustments  made  if  needed.  The  manu- 
facturer's manual  covers  the  step  by  step  pro- 
*  ccdures  for  making  these  different  tests  and 
adjustments  on  the  charging  system  com- 
ponents. 

Figure  9-23  illustrates  the  different  com- 
ponents of  the  GAT-620.  control  panel.  A  more 
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Figure  9'22.-Generator-«lttmttor  tesW. 

detailed  description  of  the  components  is  given 
in  table  9-2.  ^ 

ELECTRICAL  LOAD  BANK  TESTERS 

Electrical  powerplants  may  perform  well 
under  a  light  load  or  no  load,  but  perform 
unsatisfactorily  under  a  heavy  load  (within  load 
limits  for  which  they  were  desipied).  The 
electrical  load  bank  testers  are  designed  to  load 
and  test  the  generators,  alternators,  rectifiers, 
electrical  systems,  and  prime  movers  (engitte  or 
electric  motor)  of  electrical  powerplants.  When  a 
load  is  placed  on  the  powerplant,  it  in  turn 
places  a  load  on  the  prime  mover,  and  in  so 
doing,  the  prime  mover  performance  is  checked. 
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Table  9-2.-- Functional  description  of  GAT-620  controls  and  instrumentation 


U  TACHOMETER-Speed  indicator  with  0  to  5,000  rpm  range. 

2.  -BEAM  TACHOMETER  CONTROL-Measures  puQey  H>eed/elec- 
tronically. 

3.  FIELD  CURRENT  AMMETER-IVc  type  to  measure  Field'Cunent 
Draw. 

4.  FIELD  CIRCUIT  SWITCH- Automatically  selects  test  panel  cir- 
cu^  for  A  and  B  type  field  circuits. 

5.  FIELD  CWTROL-A  manually  controUed  variable  resistor  used  to 
control  generator  field  cunent  or  perform  Relay  Tests.  The  oreN- 
REG.  CYCLE  position  incorporates  a  cycle  swit^  opening  Battery  ^ 
Circuit  to  Regulator  and  Field  Circuit  to  Generator  to  cycle  Charg- 
ing SyitenL 

6.  FIELD  RELAY  TEST  SWITCH-Automatically^selects  test  panel 
ctfkuitry  for  Field  Relay  dosing  Voltage  Tests. 

7.  RELAY  INDICATOR  LAMP-Indicates  closing  of  Field  ReUys. 

8.  FIELD  SELECTOR  SWITCH-In  REGULATED  position,  conmcts 
Variitte  Control  in  series  with  Regulator  and  Field  Leads.  In 
MANUAL  position,  connects  Variable  Control  in  series  with  Field 
Circi^  Swttdi  and  Generator  Field  Lead. 

9.  TEST  LEADS-Only  three  required.  The  BATTERY,  FIELD,  and 
AUX  Leads  provide  the  necessary  cormections  between  Generator 
and  Test  Panel 

10.  REGULATOR  RECEPtACLE-Receives  quick  plug-in  connector 
of  Regulator  Test  Leads.  Connector  phigs  on  Test  Leads  are  same 
u  on  the  vehide  and  cannot  be  improperly  connected. 

1 1 .  DOUBLE  CONTACT  VOLTAGE  REGULATOR  TEST  SWITCH- 
Uied  in  conjunction  with  the  voltage  regulator  test  of  double  con-  , 
tact  type  voltage  regulator., 

12.  SHORTING  CCWTACT  UGHT-lndicates  operation  of  the  **short- 
ing"  contacts  in  double  contact  type  voltage  regulators. 

1 3.  SERIES  CONTACT  UGHT-lndiates  operation  of  the  **$eries** 
contacts  In  double  contact  type  voltage  regulators. 

14.  D-C  AMMETER-fndicates  rate  of  charge  or  discharge. 

15.  METER  POLARITY  SWITCH-Selects  DC  AMMETER  polarity  to 
match  pohvity  of  unit  being  tested. 

16.  LOAD  CONTROL~The  control  has4hree  positions: 

OFF~No  Load  ap^d. 
1/4  OHM-For  Voltage  Regulator  Testing. 
VARIApLE  LOAD-Manually  controlled  carbon  pile  type  vari- 
abfe  resbtor  used  in  Gon)un€tion  with  Generator  Ahernator  Out' 
put  Testing  and  Current  Regulator  Tests. 


1 7.  CUTOUT  .RELAY  TEST  BUTTON-Opens  battery  circuit  and  in- 
serts Cutout  Relay  Indicator  Lamp  circuit. 

18.  CUTOUT  RELAY  INDICATOR  LAMF-Serves  as  Tester  Battery 
Circuit  Pilot  light  and  indicates  closing  of  Cutout  Relay 

,  19.  DC  VOLTMETER-Used  to  measure  voltages  during  tests. 

^.  VOLT  SCALE  SELECTOR  SWITCH-Stlects  voUmeter  scale  ran^ 
required  for  unit  being  tested. 

21.  VOLTMETER  SELECTOR  SWITCH-Selects  circuit  for  connect- 
va%  Voltmeter  internally  to  test  paml  circuitry  or  to  EXTERNAL 
Leads. 

22.  EXTERNAL  VOLTMETER  LEADS-For  testing  any  portion  of 
chargit^  circuits. 

23.  VOLTAGE  SELECTOR-SelecU  tester  battery  voltage  for  the  v«dt- 
age  of  unit  being  tested.  (6, 12,  or  24  volts.) 

24.  BATTERY  DIRECT  BUTTON-Thu  tester  uses  a  Diode  and  a  Re- 
sistor connected  in  parallel  between  the  BATTERY  Lead  and  bat- 
teries. Current  to  battery  f^ws  throi^  Diode  and  Resistor.  Cur- 
rent flow  from  battery  is  limited  by  the  Resistor,  eliminating  heavy 
arcing  should  BATTERY  Lead  become  grounded.  Depressing  the 
BATTERY  DIRECT^  Button,  bypasses  the  Reaistor  and  Diode. 

25 .  POLARITY  SWITCH-Selects  tester  ground  polarity  to  match 
ground  polarity  of  unit  being  tested. 

26.  MOUNTING  PAD  WITH  GUIDE  SLOT~To  accommodate  vises  for 
mounting  of  Alternator  and  Generators* 

27..  RETAINER  BAR  BOLTS-Provides  quick  mounting  of  Alternator 
Mount  Plate  or  Generator  vise. 

28.  PULLEY  AUGNMENT  GUIDE-To  simplify  proper  pulley  aline- 
ment  When  mounting  Alternator  or  Generator  in  tester. 

29.  GENERATOR  LOCK  LEVER-^Permits  adjustment  of  Generafor 
speed,  and  locks  Generator  at  any  fued  speed.  * 

^  / 

30.  GENERATOR  BELT  GUARD-Provides  operator  protectk)n  by 
enclosing  Generator  drhre  beh  and  pulley. 

31 .  REGULATOR  MOUNT- Adjustable,  to  positk>n  Regulator  as  on 
the  vehide. 

32.  MOTOR  SWITCH-On-Off  Switch  to  control  Drive  Motor. 

33.  MOTOR  REVERSING  SWITCH-Controls  directk>n  of  Generator 
rotatwn  as  viewed  from  drive  end. 
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Therefore,  the  electrical  load  bank  testers^are^an. 
indispensable  item  of  test  equipment  in-keeping"* 
the  electrical^  powerplant  operating  at  peak 
efficiency, 

There  are  many  tyi^es  and  models  o^load 
banks  in  use.  Testing  capabilities  vary  4n  .  that 
some  types  are  designed  for  a.c,  only  or  d.c. 
only  v^ile  others  are  designed  for  both  a.c.  and 
d.c.  The  type  and  amount  of  the  particular 
powerplant's  power  output  will  determine  which 
load  bank  can  be  u^d. 


NTrl  FIELD  TEST  UNIT 

The  NT-1  (fig.  9-24)  is  designed  for  loading 
and  testing  only  the  d~c  output  of  electrical 
powerplants.  Its  load  capabilities  are: 

\,  Servicing  power  at  28  volts,  up  to  500 
amperes. 

2,  Transformer  rectifier  at  28  volts,  up  to 
200  amperes. 

3.  Jet'  starting  at  33  volts,  .up  to  KOOO 
amperes  (intermittent). 

It  is  mounted  in  an  enclosed  cabinet  equipped 
with  hinged  covers  that  are  open  during  opera- 
tion for  access  to  the  control  panel  and  to  allow 
air  flow  over  the  load  resistors. 

For  application  to  a  particular  powerplant, 
refer  to  the  Operation  and  Service  Instructions 
for  the  particular  powerplant.  | 

A-I  LOAD  BANK 

The  A-I  load  bank  (fig.  9-25)  is  designed  for 
loading  and  ^testing  only  the  a-c  output 
of  electrical  powerplants  equipped  with 
120/208-volt,  3-phase,  4-wire,  wye,  400-hertz 
alternators.  It  provides  resistive  loads  up  to 
60  kw  and  reactive  loads  up  to  40  kvar-. 

It  is  mounted  on  a  4-whe$led  trailer  and 
enclosed  in  a  weatherproof  cabinet.  The  cabinet 
is  equipped  with  hinged  panels  which  are  kept 
open  during  operation  to  permit  access  to  the 
control  panel  and  to  allow  airflow  across  the 
load  resistors. 

For  application  to.  a  particular  powerplant, 
refer  to  the  Operation  and  Service  Instructions 
for  the  particular. powerplant. 


MLB-1  LOAD  BANK 

The  \ft.B-l  'oad  band  (Hgs,  9-26  and  9-27)  is  de- 
signed for  loading  and  testing  both  the  a-c  and  d-c 
output  of  many  types  of  electrical  powerplants. 
Its  load  capabilities  are: 

1.  A-c  resistive /loads  up  to  187.5  kw  at 
1 2Q/2D8  volts,  400  hertz. 

2.  A-c  reactive  loads  up  to  124  kvar  at 
120/208  volts.  400  hertz. 

3.  D-c  servicing  loads  up  to  1500  amperes  at 
28  volts. - 

4.  D-c  jet  start  loads  up  to  1500  amperes  at 
28  volts.  1^ 

It  is  mounted  on  a  4-wheeled  i^railer  and  en- 
closed in  a  removable  steel,  wesither-resi scant 
housing.  Generated  heat  from  th^  load  modules 
is  dissipated  by  cooling  fans./  All  operating 
controls  and  instrumentation  a/e  located  on -'a 
common  panel  at  the  rear  of,  the  unit.  (See 
fig.  9-27.)  •  . 

For  application  to  a  jparticular  powerplant,  ^ 
refer  \o  the  OperaUp^Tahd  Service  Instructions 
for  the  particular  powerplant^ 

GAS  TURBINE  ENGINE  (COM- 
PRESSOR) TEST  ^QUIPMENT 

Certain  tests  can  be  made  on  gas  turbine 
engines  with  staiadard  test  equipment,  but  other 
tests  and  calibrations  require  special  equipment. 
It  was  for  this  reason  th4t  the  next  two  items  of 
test  equipment  were  designed.  With  this  equip- 
ment, many  tests  and^  calibrations  can  be  made 
on  several  different  models  of  gas  turbine 
engines. 

UNIVERSAL  GAS  TURBINE  ENGINE 
TEST  STAND 

The  universal  gas  turbine  en^he  test  stand, 
model  281 150-60,  figure  9-28,  is  termed  univer- 
sal since  it  can  be  used  to  test  and  check  all  of 
the  types  of  gai  turbine  engines  found  in  ground 
support  equipment.  The  engine  tg  be  tested  is 
mounted  on  the  stand.  The  stand  also  provides 
electrical  power,  fuel,  and  oil  for  engine  testing. 

The  gas  turbine  engine  analyzer  is  used  in 
conjunction  with  the  test  stand  to  provide 
controls  and  instrumentation. 
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NomencLaturtJor  figure  9-23. 

Shorting  contact  light 
Series  contact  light 
D-camme^r. 

Meter  polarity  switch.  -  ^ 
Load  switch.  , 
Cutout  relay  test  button. 
Cutout  relay  indicator 
lamp. 

D-c  voftmeter. 
Volt  scale  selector  switch* 
Voltmeter  selector  switch. 
Externa!  voltmeter  leads. 


23.  Voltage  selected. 

24.  Battery  direct  button. 

25.  Polarity  switch. 

26.  Mounting  pad  with  guide 
slot  ^ 

27.  Ratainar  bar  bolts. 

28.  Pulley  allnament  guide. 
29*  Generator  lock  lever. 

30.  Generator  bait  guard 

31.  Bagulator  mount. 
3Z  Motor  switch. 

33.  Motor  reversing  switch. 


4 
1. 

Tachometer.  , 

12. 

4* 

8eam  tachometer  control. 

13. 

A 

Field  current  ammeter. 

14. 

4. 

Field  circuij^iwitch^ 

15. 

5. 

Field  control.  - 

16. 

6. 

ReM  relay  test  switch 

17. 

7. 

Relay  indicator  lamp. 

18. 

8. 

FMd  selector  switcli. 

9. 

Test  leads. 

19. 

10. 

Regulator  receptacle. 

2a 

11 

Ooul||e  contact  voltage 

21. 

regdator  test  switch. 

2Z 

 > — -X—^  

Because  the  test  stand  is^daptable  to  many 
different  gas  turbine/engine^  it  may  be  neces- 
sary to  procure,  as  special  tools,  those  adapter 
assemblies  required  ^  for  mounting  -a  specific 
engine  in  the  test  stand.  Listed  in  the  manu- 
facturer's instruction  manual  are  the  needed 
parts,  plus  the  instructions  for  mounting  the 
engin^ 

GAS  TURBINE  ENGINE  ANALYZER 

The  gas  turbine  engine  analyzer*  part  number 
281069,  figure  9-29,  is  a  lightweight,  portable 
unit.  The  analyzer  instrumentation  is  attached 
to  panels,  which  are  mounted  in  a  case.  The 
hinged  door  on  the  case  contains  storage  space 
for  the  analyzer  cable^  and  a  very  sensitive 
pressure  gage.  Attached  to  the  hinged  door  is  a 
schematic  wiring  diagram  and  a  speed  conversion 
chart  to  convemtachometer  rpm  in(ttcations  to 
actual  eJigine  rpm  for  the  different  engines  that 
can  be  tested. 

^  The  analyzer  provides  a  lightweight,  portable 
testing  unit  .which  incorporates  an  electrical 
system  with  associated  meters  and  indicators, 
and  a  hydraulic  and  pneumatic  system  with 
associated  gages  and  controls  for  checking  and 
controlling  performance  of  gas  turbine  engines." 

The  analyzer  should  be  used  only  by  person- 
nel thoroughly  trained  in  its  use,  and  who 
possess  a  thorough  knowledge  of  the  electrical, 
hydraulic,  and  pneumatic  systems  and  com- 
ponents of  the  particular  engine  being  tested! 
These  requirements  are  a  prerequisite  for  satis- 
factory use  of  the  analyzer  and  correct  inter- 
pretation af  test  results.  Constant  reference 
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Figure  9-24.-NT.1  field  test  unit 
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Figure  9-25.- A*1  load  bank. 


should  be  made  to  the  applicable  technical 
manual  for  electrical  and  pneumatic  schematics 
and  engine  performancp  requirements. 

The  analyzer  may  be  used  while  the  engine  is 
installed  in  its  service  installation  (fig.  9-30)  or 
while  installed  on  the  universal  gas  turbine 
engine  test  stand  (fig.  9-28). 

The  analyzer  may  be  used  for  measuring 
turbine  engine  rpm,  temperature,  pressures,  out- 
put frequencies,  and  testing  of  electrical  circuit 
components.  It  may  also  be  used  for  monitoring 
(checking)  the  engine  during  operation,  for 
functional  checking  of  engine  performance  by 
controlling  the  load,  for  static  checks  of  elec- 
trical components  (such  as  a  fuel  solenoid  valve 
without  running  the  engine),  and  to  motor  the 
engine  for  preservation  and  depreservation. 

For  proper  functioning,  the  analyzer  depends 
on,  electrical,  hydraulic,  and  pneumatic  systems 
connected  to  the  engine  through  electrical 
cabk!^,  fuel,  oil,  and  air  pressure  lines. 

Reference  must  be  made  to  the  applicable 
engine  technical  manual  for  the  procedures 
necessary  to  connect  the  electrical,  hydraulic, 
and  pneumatic  systems  of  the  analyzer  into  the 
systems  of  the  ^ngine  being  tested. 


CARE  AND  HANDLING  OF 
TEST  EQUIPMENT 

All  maintenance  shops  are  provided  with  a 
variety  of  test  equipment  to  be  used  in  main- 
tauiing  the  many  differpnt  types  of  equipment  it 
supports.  However,  there  are  very  few  spare  test 
sets.  When  a  test  set  becomes  inoperative,  •shop 
maintenance  suffers,  therefore,  every  man  must 
use  the  test  equipment  only  for  the  purposes 
and  in  the  manner  for  whichi  it  was  designed. 
Protect  the  equipment  from  physical  haitn  that 
may  result  from  dropping,  falling,  or  any  other 
careless  misuse,  and  always  observe  proper 
operating  techniques. 

One  of  the  chief  causes  of  test  set  failure  is 
carelessness.  The  user  can  be  careless  in  operat- 
ing procedure  or  in  handling  the  set.  The  usual 
carelessness  in  operating  procedure  is  improper 
selection  of  ranee  for  the  quantity  to  be  mea- 
sured, such.  as\attempting  to  measure  250 
volts  on  the  50-volt  scale  of  a  meter.  If  there  is 
any  doubt  about  proper  usage  of  a  tiest  set,  it  is 
wise  to  refer  to  the  manual  issued  with  the  set. 

Much  damage  to  test  equipment  results  from 
improper  handling.  Technicians  often  place  test 
sets  near  the  edge  of  the  bench  where  they  can 
easily  be  knocked  off  or  pulled  off  by  the  test 
leads.  Read  the  instructions  for  proper  handling 
and  operating  procedure,  and  think  whUe  using 
the  equipment. 

CALIBRATION 

Most  test  equipment  is  sensitive  and,  due  to 
normal  use  over  a  period  of  time,  the  maximum 
calibration  tolerance  will  be  exceeded;  therefore, 
peribdic  calibration  is  required  to  insure 
.optimum  performance.  Likewise,  many  tests  and 
adjustments  on  support  equipment  are  critical 
md  accurate  test  equipment  is  required. 

T Naval  Air  Systems  Command  calibration 
program  is  comprised  of  two  segments-qualifi- 
cation and  calibration. 

Qualification  is  accomplished  at  the  inter- 
mediate level  of  maintenance  by  qualification 
laboratories  designated  by  the  Naval  Air  Systems 
Commancl  (usually  at  the  AIMD).  Qualification 
\s  accomplished  in  accordance  with  established 
"intervals  or  as  specified  by  the  Naval  Air 
Systems  Command. 
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t  ChMiit  and  running  gear. 

2*  Parking  braka« 

3.  ToMrbar. 

4.  Hottiing, 

RatMvf  loadmodutai. 

6.  Input  powar  rtoaptadai  a.& 

7.  Input  pomt  raeaptadai  dx* 


Flaura9-26.-l 


8.  ForMlftehannali. 

9.  Pfaitiahook. 
10.  TMowirlngi* 

11«  Ralay  modulai  eompartmant 

1 2.  ConMli^  and  Inttrumant  panalt. 

13*  Storaga  aontpartmant* 
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Fi9ur«9-27.-MLB-1  operating  controls  ond  instrum«ntotion. 

^riewiy  acquired  equipment  must  be  qualified 
prior  to  being  used. 

Calibration  is  accomplished  at  the  depot  level 
of  maintenance  in  calibration  laboratories 
designated  by  the  Naval  Air  Systems  Command. 
If  an  item  of  test  equipment  cannot  be  qualified 
it  is  then  sent  by  the  qualification  laboratory  to 
the  cognizant  calibration  laboratory  for  repair 
and /or  calibration. 

NOTE:  A  complete  breakdown  of  the  Naval 
Air  Systems  Command  calibration  program  is 


The  qualificatioiTiaboratory  issues_a_locat 
directive  promulga*l;.g  _a_cecalM5Cfieduk  of 
equipment  for  qualification  and,  once  an  item 
has.  been  qjualified,  a  tag  or  decal  is  affixed  to 
Ihe  item  showing  the  activity,  the  date  qualified, . 
and  the  date  that  the  item  is  again  due  for 
qualificati*^  ^ 

Prior  to  wsing  an  itetn  of  test^eflUipment  the 
tag  or  de'jal  must  be  checked  to  insure  that  the 
equipment  is  not  overdue  for  quf»Uiication.  Any 
item  found  to  be  overdue  fur  qualification  will 
not  be  used  until  it  has  b^en  qualified.  Also,  any 
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Figure  9-28.-Universai  gas  turbine  engine  test  stand. 
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contained  in  OPNAVINST  4790.2,  volume  II, 
chapter  7. 

REPAIR 

Repair  of  test  equipment  will  be  accom- 
plished by  the  qualifrcation  laboratory  if  pos- 
sible. However,  if  an  item  of  test  equipment 
cannot  be  repaired  by  the  qualification  labora- 
tory it  will  be  sent  to  the  cognizant  calibration 
laboratory  for  repair  and  calibration.  Repair  by 
the  individual  technician  will  not  be  attempted. 
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HANDLING 

Some  equipments'^  may  require  special 
handling;  however,  there*  are  several  precautions 
which  apply  to  test  equipments  in  general. 
Rough  handling,  moisture,  and  dust  all  affect 
the  useful  life  of  such  devices.  Bumping  or 
dropping  a  test  instrument,  for  example,  may 
destroy  the  calibration  of  a  meter  or  short 
circuit  the  elemeots  of  an  electron  tube  within 
the  instrument.  Creasing  or  denting  coaxial  test 
dables  will  alter  their  characteristics,  thereby 
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Figure  9-29.-Gas  turfoi^a  engine  analyzer. 


aifecting  the  accuracy  of  any  measurements 
mlade  v^ith  these  cables. 

To  reduce  the  danger  of  corrosion  to  un- 
treated parts,  always  store  test  equipment  in  a 
dry  place  when  it  is  not  in  use.  Excessive  dust 
and  ^me  inside  test  equipment  also  affects  its 
accuracy.  Be  sure  that  all  the  assembly  screws 
which  hold  the  case  of  the  test  equipment  in 
place  are  tightened  down  securely  and,  as  an 
added  precaution,  alt  dust  covers  should  be 
installed  when  the  equipment  is  not  in  use. 

Meters  are  the  most  delicate  parts  of  test 
equipments*  In  order  to  insure  that  the  metet 


will  maintain  its  accLiracy,  these  additional 
precautions  should  be  followed: 

1.  Make  certain  that  the  amplitude  of  the 
input  signal  under  test  is  within  the  range  of  the 
meter,  ^ 

2.  Keep  meters  as  far  away  as  possible  from 
strong  magnciS. 

3.  When  servicing  an  item  of  electrical  equip- 
ment which  contains  a  meter,  disconnect  the 
meter  from  the  circuit  before  making  resistance 
or  continuity  tests. 

(The  latter  precaution  will  eliminate  the 
possibility  of  burning  out  the  meter.) 


ERLC 


230 


Chapter  9  -  TEST  EQUIPMENT 


Figure  9*ao.-An«iyzer  conimcted  to  engine  in  teivice  instiNation. 


The  instructions  for  properly  stowing  test 
equipment  cables  and  other  accessories,  as  set 
forth  in  the  instruction  manuals  accompanying 
the  equipment,  should  be  carefully  read  and 
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strictly  followed.  Improper  stowage  of  acces- 
sories results  in  changes  in  cable  characteristics, 
intermittent  shorts  in  cabl^  and  leads,  and,  In 
general,  unreliable  test  indications. 
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CHAPTER  10 


AUTOMOTIVE  ELECTP'.AL  SYSTEMS 


In  order  for  the  Aviation  Support  Equipment 
T^hnician  E  to  maintain  automotive  electrical 
systems,  it  is  necessary  that  he  have^an  under- 
standing of  the  various  automotive  electrical 
power  systems  and  their  associated  equipment, 
He  must  also  have  a  fundamental  knowledge  of 
the  means  by  which  automotive  electrical  power 
is  produced,  regulated,  controlled,  and  distri- 
buted* With  this  basic  understanding  he  will  be 
ableio  recognize  and  analyze  electrical  problems 
and  take  corrective  action. 

Basic  Electricity,  NavPers  10086  (Series), 
contains  a  detailed  explanation  of  the  principles 
of  electricity  and  will  not  be  reputed. 

The  electrical  systems  of  most  automotive 
equipments  have  dual  functions*  One  of  these 
may  b^  called  the  performance  function  that  is, 
supplying  the  electrical  energy  that  is  required 
to  crank  and  operate  the  engine.  The  other 
function  is  to  supply  power  for  lights,  heater,  ^ 
electrical  accessories,  instruments,  and  gages.  i\ 

It  is  easier,  however,  to  troubleshoot  an  1 ' 
electrical  system  by  breaking  it  down  into  five  \  \ 
circuits.  Each  of  these  circuits  can  be  isolated 
and  checked  individually.  (See  ilg.  10-L) 

The  charging  circuit  supplies  all  the  electric 
power  used  by  the  vehicle.  The  ignition  circuit 
produces  the  high  voltage  necessary  for  the 
spark  plugs  to  achieve  ignition.  The  cranking 
circuit  includes  the  starter. 

The  lighting  and  accessory  circuits  furnish 
power  to  operate  the  safety  and  convenience 
devices  of  the  vehicle,  such  as  lights,  horn, 
heater,  instruments,  and  gages. 


.i.^dients  ^are  lead  and  sulfuric  acid.  The 
battery  is  not  a  storage  Jank  for  electricity,  but 
actually  stores  energy  in  a  chemical  form.  The 
battery  wll  meet  the  electrical  system's  de- 
mands for  electrical  power  under  ^^ing  condi* 
tions  unless  the  battery's  capacity  is  exceeded. 
For  example,  the  battery  can  be  used  to  supply 
limited  amounts  i>f  power  for  a  limited  time 
without  operating  the  generator,  or  the  battery 
will  aid  the  generator  in  mating  the  electrical 
system's  power  demands  under  low  RPM  and/or 
heavy  load  conditions. 

Active  materials  within  the  battery  react 
chemically  to  produce  a  flow  of  direct  current 
whenever  lights,  starter,  or  other  current  con- 
suming devices  are  connected  to  the  battery. 
This  current  is  produced  by  chemical  reaction 
between  the  active  materials  of  the  plates  and 
the  sulfuric  acid  of  the  electrolyte. 


BATTERIES 

The  battery  most  commonly  used  in  automo- 
'  tive  equipments  is  a  lead-acid  type  battery.  It  is 
called  a  lead-acid  type  battery  because  its  active 


CONSTRUCTION 

\  A  battery  consists  of  a  number  of  cells 
coiiiieuted  toj^ier.  -  The  number  of  cells  de- 
pends pn  the  voltage  desired.  Three  cells  are 
connected  in  series  to  make  up  what  is  common- 
ly referred  ,  to  as  a  6-volt  battery;  the  H^volt 
battery  is  made  up  of  six  cells  connected  in 
series;  and  the  24-volt  battery  has  twelve  cells 
connected  in  series.  Some  bo6ks  and  oth^ 
written  material  on  batteries  state  that  the  cell 
has  a  voltage  of  ^0  volts,  but  each  cell  will 
produce  approximately  2.15  vdts  (no  load)  if  a 
very  accurate  voltmeter  is  used  and  the  cell  is 
fully  charged.  When  the  cells  are  connected  in 
series  to  form  a  battery,  it  makes  a  noticeable 
difference  in  the  battery  voltage  (6.45  volts  for 
the  6-voh  battery,  12.9  volts  for  the  12-volt 
battery,  and  25.8  volts  for  the  24-volt  battery). 
However,  for  practical  purposes  this  manual  will 
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I6NITI0N  CIRCUIT  %CESSORY  CIRCUIT 


CRANKING  CIRCUIT 


LIGHTING  CIRCUIT 
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FIgurt  lO-l.-Cireutt  braakdown  of  an  automotive  aloctrical  systam* 


also  refer  to  the  ceU  as  having  a  voltage  of  2,0  These  plates  are  insulated  from  each  other  by 

volts,  suitable  separators  (usually  wood,  rubber,  or 

Each  cell  consists  of  two  kinds  of  lead  plates,  glass)  and  arc  submerged  in  a  sulfuric  acid 

known  as  positive  and  negative,  (See  fig,  10-2.)  solution  (electrolyte); 
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Figuft  10-2.-B«ttmry  ccm£ni;,^ion  and  nomandaturt. 
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The  backbone  of  both  the  positivje  and 
negative  plates  is  a  grid  made  of  a  stiff  lead-anti- 
mony' alloy  casting.  (See  fig*  10-3.)  The  grid, 
ustially  composed  of  vertical  and  horizontal 
crossmemberS)  is  designed  to  give  the  plates 
physical  strength  and,  at  the  same  time,  to 
provide  adequate  conductivity  for  the  electric 
current  produced  by  the  chemical  reaction.  The 
active  material,  composed  chiefly  of  lead  oxides, 
is  applied  to  the  grids  in  paste  form,  then 
allowed  to  diy.  The  plates  are  then  put  through 
an  electrochemical  process  that  co.  .crts  the 
active  material  of  the  positive  plates  into  brown 


colored  lead  peroxide,  and  the  negative  plates 
into  gray,  sponge  lead*  > 

After  the  plates  have  been  ,  formed,  they  are 
built  into  positive  and  negative  groups.  The 
plates  of  each  group  are  permanently  joined  by 
melting  a  portion  of  the  lug  on  each  plate  to 
form  a  solid  weld  with  a  connecting  post  strap. 
(This  process  is  termed  lead  burning.)  The, 
connecting  post  strap  to  which  the  plate  is 
burned  contains  a  cylindrical  terminal  which 
forms  the  outside  connection  for  the  ceU.  The 
negative  group  of  plates  has  one  more  plate  than 
the  positive  group,  to  provide  a  negative  plate  on 
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both  sides  of  all  positive' plates.  These  ^oups  are 
shown  in  figure  10-3.  \ 

The  assembly  of  a  positive  and  negative 
group,  together  with  separators,  is  called  an 
element.  An  element  immersed  in  electrolyte  is 
referred  to  as  a  cell.  Since  battery  plates  are 
more  or  less  a  standard  size,  the  number  of 
plates  in,  a  cell  is,  roughly,  a  measure  of  the 
battery  capacity. 

A  Sattery  container,  or -case,  is  a  receptacle 
for  '  le  i  ills  that  make  up  the  battery.  It  is  made 
of  hard  rubber,  plastic,  or  a  composition  materi- 
al that  is  resistant  to  acid  and  mechanical  shock. 
Most  batteries  are  assembled  in  a  one-piece 
container  with  three,  six,  or  twelve  compart- 
ments for  the  individual  cells.  One  element  and 
enough  electrolyte  to  cover  the  plates  are 
inserted  into  each  ceU  compartment.  (See  fig. 
10-2.) 

Stiff  ridges  are  molded  in  the  bottom  of  the 
container  to  provide  support  for  the  plates  and  a 
sediment  space  for  the  flakes  of  active  material 
that  ^rOp  off  the  plates  during  the  life  of  the 
battery^ 

A  hard  rubber  or  plastic  cell  cover,  provided 
with  openings  for  the  two  terminals  of  the 
element  and  a  vent  plug,  is  placed  on  each  cell. 
The  cells  are  sealed  ^with  pitchlike  compound 
and  connected  in  series  by  burning  cell  connec- 
tors on  the  tenninals.  The  vent  pli^  allows 
accumulated  gas  to  escape  and  prevents  the 
electrolyte  from  splashing  outside  the  battery;  it 
is  also  the  means  by  which  water  and/or  acid  are 
added  to  the  cell. 

OPERATION 

The  lead  acid-type  automotive  batteries  have 
their  plates  immersed  in  a  solution  of  sulfuric 
acid  and  water.  The  detailed  theory  of  operation 
of  the  lead-acid  battery  is  covered  in  the  chapter 
entitled  "patteries^'  in  Basic  Electricity,  NavPers 
10086  (Scries). 


RATING 


Lead-acid  batteries  are  rated  by  their  voltage 
and  their  ampere-hour  capacity.  Each  cell  has  a 
rated  voltage  output  of  approximately  2.0  volts. 
A  higher  voltage  is  obtained  by  connecting  more 


cells  in  series.  LelS-acid  batteries  are  manufac- 
tured in  multiples  of  2  folts,  such  as  6-volt, 
12-volt,  and  24-volt. 

Stanjdard  automotive  batteries  have  a  20-hour 
discharge  rate.  The  20-hour  discharge  rate  of  a 
battery  is  equal  to  the  constant  current  in 
amperes  which  the  battery,  starting  with  an 
initial  electrolyte  temperature  of  80°  F,  can 
supply  continuously  for  20  hours  before  the 
jroltage  has  dropped  to  the  low  voltage  limit  at 
which  the  discharge  should  be  stopped.  For 
example,  a  battery  rated  by  the  manufacturer  z& 
a  6-volt,  120-ampefe-hour  (A.H.)  capacity  would 
be  discharged  at  1/20  of  1 20  or  6  ampefes,  until 
the  voltage  has  dropped  to  its  specified  limiting 
voltage.  The  number  of  hours  required  for  the 
discharge,  20,  multiplied  by  the  rate  of  6 
amperes  gives  a  battery  rating  of  120-ampere 
hours.  The  voltage  and  ampere-hour  rating  of  a 
battery  is  usually  stamped  on  the  battery  case. 

As  a  lead-acid  battery  discharges,  the  sulfuric 
acid  is  absorbed  by  the  plates  and  the  electrolyte 
is  gradually  converted  into  water.  This  action 
provides  a  guide  in  determining  the  state  of 
discharge  of  the  lead-acid  cell.  All  that  is 
necessary  to  determine  the  state  of  charge  of  a 
battery  is  to  determine  the  percentage  of  sulfu- 
ric acid  remaining  in  the  electrolyte.  This  is 
easily  accomplished  by  using  a  hydrometer.  It 
measures  specific  gravity  instead  of  percentage; 
however,  in  this  case  the  two  amount  to  the 
same  thing.  Listed  below  are  specific  gravity 
readings,  of  a  lead-acid  battery  in  various  states 
of  charge. 

1.265-1.290  Fully  charged  battery 

1.235-1.260  Three-fourths  charged 

1 .205-1.230  One-half  charged 

1.170-1.200  One-fourth  charged 

1.140-1.165  Barely  operative 

1 . 1 00-1 . 1 35  Completely  discharged 
In  extremely  hot  or  extremely  cold  climates 
some  of  these  specific  gravity  readings  will  vary 
from  those  given,  even  after  corrections  are 
made. 

The  specific  gravity  of  an  electrolyte  is 
actually  a  measure  of  its  density.  The  electrolyte 
becomes  less  dense  as  its  temperature  rises,  and 
more  dense  as  its  temperature  falls.  Thus,  a  high 
temperature  means  a  low  specific  gravity  and  a 
low  temperature  means  a  high  specific  gravity. 


\ 
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'Hie  hydrometer  is  marked  ^to  read  specific 
gravity  at  only  one  temperature,  80"  F.  Under 
normal  conditions,  the  temperature  of  the  elec- 
trolyte will  not  vary  much  from  this  ipark. 
However,  lai^e  changes  in  temperature  require  a 
correction  in  the  reading. 

For  every  10®  change  in  temperature  above 
SO*'  F,  add  0.004  to  the  specific  gravity  reading. 
For  every  10®  change  in  temperature  below  SO*' 
F,  subtract  0.004  from  the  specific  gravity 
readings  Assume  that  a  hydrometer  reading  of 
1.280  is  obtained  when  chedcing  a  cell.  A 
thermometer  in  the  cell  indicates  an  electrolyte 
temperature  of  60*^  F.  That  is  a  difference  of 
20*^  from  th'e  normal  of  80**  F.  to  obtain  the 
true  specific  gravity  reading,  subtract  0.008 
from  1.280.  Thus,  the  specific  gravity  of  the  cell 
is  actually  1.272,  A  specific  gravity  correction 
chart,  similar  to  the  one  shown  in  figure  10-4,  is 
usually  found  ^n  the  hydrometer.  It  consists  of 
a  thermometer  to  provide  the  actual  tempera- 
ture of  the  electrolyte  and  a  table  of  correction 
values  for  different  temperatures. 


CHARGING 

> 

A  battery  indicating  a  hydrometer  reading 
below  1.240  specific  gravity  at  80*  F  should  be 
removed  and  charged.  Except  in  extremely  hot 
climates,  never  allow  the  specific  gravity  to  drop 
below  1.22S;  in  very  hot  climates  this  reading 
indicates  a  fully  charged  battery. 

When  a  rundown  battery  is  brought  ihto  the 
shop,  it  should  be  recharged  immediately.  There 
are  several  methods  for  charging  batteries;  only 
direct  current  is  used  with  each  method.  If  only 
alternating  current  is  available,  a  rectifier  or 
tnotor  generator  must  be  used  to  convert  to 
direct  current.  The  two  principal  methods  of 
charging  are  (1)  constant  current,  .and  (2) 
constant  potential  (constant  voltage).  Constant 
current  charging  may  b'^  ^ed  on  a  single  battery 
or  a  number  of  battel  ies  in  series.  Constant 
potential  charging  is  used  with  batteries  con- 
nected in  parallel.  The  constant  potential  meth- 
od of  charging  is  most  often  used  because  it  is 
the  simplest  method,  and  batteries  do  not 
require  constant  observation  while  being  charged. 


AS.274 

Figure  10-4.— Specific  gravity  temperaturt  \ 
correction  chart. 

Constant  Current  Charging 

In  the  constant  current  method,  the  battery  is 
connected  to  a  charging  device  that  supplies  a 
steady  flow  of  d-c  current.  A  rheostat  is  built 
into  the  charger  to  adjust  the  current  flow  to  the 
battery.  Once  the  rheostat  is  set,  the  current 
remains  constant.  The  usual  charging  rate  is  1 
ampere  per  positive  plate  per  cell.  Thus,  a 
21-plate  battery  (which  has  10  positive  plates  per 
ceU)  should  have  a  charging  rate  no  greater  than 
10  amperes.  When  v^g  this  method  of  charging 
a  battery,  check  the  battery  frequently,  particu- 
larly near  the  end  of  the  charging  period.  When 
the  battery  is  gassing  freely  and  the  specific 
gravity  remains  constant  for  2  hours  the  battery 
is  considered  to  be  fully  charged. 
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Figure  10-5.-Cofittant  mrrmnt  battmy  chargir. 


The  main  disadvantage  of  constant  current 
charging  is  that  the  charging  current  remains  at  a 
steady  value  unless  it  is  adjusted.  A  battery 
charged  with  too  high  a  current  rate  will 
overheat  and  damage  the  plates,  ifiaking  the 
battery  useless. 

A  battery  charger  of  the  constant  current 
type  is  shown  in  figure  10-5. 

G>nstant  Vohage  Charging 

Constant  voltage  charging,  also  known  as 
constant  potential  charging^  is  accomplished  by 
a  moto^generatoi-  set,  or  by  a  transformer^ecti- 
fier  With  a  constant  voltage,  tHe  initial  current 
flow  to  a  discharged  battery  is  high  because  of 
the  difference  between  battoy  voltage  and  the 
output  voltage  of  the  charger.  As  the  state  of 
charge  of  the  battery  increases,^  its  voltage 
increases,  reducing  the  difference  in  voltages 


between  the  charger  and  the  battery.  This 
^eo^easing  voltage  differential  causes  the  charg- 
ing current  to  gradually  taper  off  to  i  very  low 
valu^at  the  tune  the  battery  is  CuUy  charged. 

Constant  voltage  chargers  are  available  in 
many  designs  and  capacities,  both  stationary  and 
portable.  The  charger  shown  in  figure  10-6  is  the 
portable  constant  vdltage  type.  _ 

Cha]:ging  Practices 

Connecting  the  battery  to  the  diarge^,  turning 
On  the  charger  and,  after  a  period  of  time, 
turning  off  the  diarger  and  disconnecting  the 
battW)  sounds  simple  and  easy.  But,  to  insure 
the  safety  of  personnel  and  equipment,  certain 
precautions  must  be  observed  before,  during, 
and  after  the  charging  pmod. 

1.  Oean  and  inspect  the  battery  thoroughly, 
removipgf  any  corrosion  present  by  using  a 
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solution  of  bicarbonate  of  soda  and  water. 
Insure  that  this  soiation  does  not  enter  the  cells. 
Check  the  container  (case)  for  cracks  and 
breaks,  ^ 

2.  Remove  the  vent  caps  and  inspect  the 
battery  internally.  If  the  electrolyte  level  is  low, 
add  distilled  water  (or  drinking  water  if  distUled 
water  is  not  available)  to  bring  the  level  of  the 
electrolyte  to  approximately  three-eighths  inch 
above  the  plates,  or  to  the  level  specified  by  the 
battery  manufacturer. 

3.  Place  the  vent  caps  in  the  cell  openings, 
but  do  not  tighten  them  down.  The  vent  caps 
prevent  graying  of  electrolyte  out  of  the  cells 
during  charging,  and  keep  foreign  material  out 
of  the  cells, 

4.  Connect  the  battery  to  the  charger,  insur- 
ing that  the  positive  cable  is  connected  to  the 
positive  terminal  and  the  negative  cable  is 
connected  to  the  negative  terminal. 

5.  Insure  that  the  charging^ea  is  well  venti- 
lated, because  batteries  on  charge  release  hydro- 
gen gas  which  is  highly  explosive. 

6.  Do  not  allow  smoking  in  the  vicinity  of 
batteries  being  charged. 

7.  A^ays  connect  the  battery  to  the  charger 
before  turning  olfi  the  charger,  and  disconnect 
the  battery  only  after  turning  off  the  charger. 
This  is  to  preclude  the  possibility  of  creating  any 
spark  which  could  cause  an  explosion  and  fire. 

8.  Take  frequent  hydrometer  readings  of 
each  cell  and  record  them.  The  sp^cif^c  gravity 
can  be  expected  to  rise  during  the  charge;  if  it 
does  not,  remove  the  battery  and  dispose  of  it. 

9.  Keep  a  constant  watch  for  excessive  gas- 
sing. This  is  especially  important  when  using  the 
constant  cunent  method  of  charging.  Be  espe- 
cially watchful  at  the  very  beginning  of  the 
charge  when  using  the  constant  voltage  method. 
Reduce  the  charging  current  or  voltage  if  exces- 
sive gassing  takes  place. 


SELF-DISCHARGE 

Discharge  takes  place  in  batteries  even  when 
they  are  not  in  use.  The  rate  of  discharge  varies 
with  temperature  and  specific  gravity  of  the 
electrolyte.  Self-discharge  changes  the  specific 
gravity  of  the  electrolyte,  just  as  normal  dis-- 


AS.879 

Figure  10-6.-Portabi«  constant  voltage  ftiattery  chirgar. 

charge  does.  Inactive,  charged  batteries  should 
be  stowed  in  a  cool,  dry  place  to  reduce 
self-discharge.  After  a  battery  has  been  acti- 
vated, the  state  of  charge  should  be  checked 
periodically  (whether  in  use  or  not)  and  re- 
charged in  necessary.  A  battery  will  be  damaged 
if  it  is  allowed  to  remain  in  a  discharged 
condition.  A  good  charge  is  especially  important 
in  cold  weather  to  prevent  freezing.  A  battery 
that  is  completely  discharged  wUl  freeze  at 
about  18^  F,  but  a  battery  that  has  a  specific 
gravity  of  1.260  wUl  freeze  at  about  -75*  F. 
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^LACING  IN  SERVICE 

New  batteries  may  be  received  full  of  electro- 
lyte and  fuUy  charged*  In  this  case,  all  that  is 
necessary  to  make  them  ready  for  service  is  to 
'properly  install  them  in  the  equipment.  Most 
batteries,  however,  are  received  "dry  and 
diarged*\ 

Dry  charged  batteries  will  retain  their  state  of 
foU  charge  indefinitely  so  long  as  moisture  is  not 
allowed  to  enter  the  ceUs,  Therefore,  dry 
charged  batteries  should  be  stowed  in  a  cool  dry 
place.  Moisture  and  air  entering  the  cells  will 
cause  the  negative  plates  to  oxidize,  thus  losing^ 
their  charge*  If  dry  charged  batteries  are  allowed 
to  stay  in  this  condition  for  a  long  period  of 
time,  damage  to  the  batteries  will  result.  Dry 
charged  batteries  must  be  activated  and  re- 
charged before  placing  in  service. 

To  activate  a  dry  charged  battery,  remove  the 
vent  restrictors  from  the  vent  caps  and  remove 
the  vent  caps.  Fill  all  the  ceUs  to  the  proper  level 
with  electrolyte  having  a  specific  gravity  of 
1.275,  or  as  specified  by  the  battery  manufac- 
turer. Best  results  are  obtained  when  the  bat- 
tery and  the  electrolyte  are  at  a  temperature 
between  60^  F  and  80^  F,  and  in  no  case  is  the 
temperature  of  the  electrolyte  to  exceed  90*  F. 
Some  gas^ng  will  occur  whpe  filling  the  battery 
due  to  the  release  of  carbon  dioxide,  a  product 
of  the '  drying  process,  or  hydrogen  sulfide 
caused  by  the  presence  of  some  free  sulfur. 
These  gases  and  odors  are  normal  and  are  W 
cause  for  alarm. 

Allow  the  battery  to  stand  for  at  least  1  hou^r 
after  filling  with  electrolyte.  If  at  the  end  of  1 
hour  the  level  has  fatten,  add  more  electrolyte  to 
restore  it,  and  replace  the  vem  caps.  If  electrolyte 
is  spilled  on  the  battery,  it  should  be  removed 
using  a  solution  of  bicarbonate  of  soda  and 
water,  being  careful  not  to  allow  the  solution  to 
get  into  the  ceUs.  The  exterior  of  the  battery 
should  then  be  flushed  with  fresh  water. 

The  battery  should  then  be  given  an  initial 
charge  in  atscordance  with  the  manufacturer's 
instructions.  In  the  absence  of  instructions,  the 
initial  charge  should  be  given  at  the  rate  of  1 
ampere  per  positive  plate  per  cell.  For  example: 
a  battery  having  9  plates  per  cell  (4  positive 
plates)  should  be  charged  initially  at  the  rate  of  4 


amperes.  This  charge  should>be  continued^  until 
the  specific  gravity  qf  aU^cells  show  no  increase 
over  a  period  of  iitoxSreT  If  the  temperature  of 
the  jbattery  exceeds  100''  F,  the  charge  must  be 
stopped  and  the  battery  allowed   to  cool. 

Usually  no  adjustment  of  the  specific  gravity 
is  necessary,  but  if  it  should  exceed  1 .300  in  any 
cell,  it  should  be  reduced  to  some  value  between 
1.275  and  1.300.  The  specific  gravity  can  be 
reduced  by  removing  some  electrolyte. with  a 
hydrometer  syringe  and  replacing  it  with  dis- 
tilled or  drinkhig  water. 

NOTE:  The  procedures  described  herein  must 
not  be  attempted  by  anyone  without  thorough 
checkotit  by  experienced  personnel.  Battery 
'electrolyte  is  a  very  hazardous  substance  to 
handle. 

Although  a  premixed  electrolyte  is  usually 
available  for  servicing  dry  charged  batteries,  the 
ASE  may  be  required  to  use  concentrated 
sulfuric  acid  that  must  be  mixed  with  pure  water 
to  obtain  the  proper  specific  gravity  for  electro- 
lyte. 

Mixing  electrolyte  is  dangerous  because  com  ^ 
centrated  sulfuric  acid  can  bum  clothing  and,  if 
it  comes  into  contact  with  the  skin  or  eyes, 
severe  bums  will  result.  Listed  here  are  some 
safety  precautions  that  must  be  observed  when 
woricing  with  concentrated  sulfuric  acid  or 
electrolyte.  * 

1 .  Wear  approved  goggles,  gloves,  aprons,  and 
boots.' 

2.  The  con  tamer  in  which  the  electrolyte  is 
mixed  should  be  a  lead-lined  tank  or  a  heavy 
plastic  container.  Materials  such  as  glass  or 
earthenware  may  crack  due  to  the  heat  gener- 
ated during  the  mixing  operation  and  should  not 
be  used. 

3.  Always  pour  add  into  water  slowly  while 
constantly,  but  gently,  stirring  the  solution. 
Never  pour  water  into  concentrated  acid  because  * 
the  chemical  reaction  will  generate  heat  so  ^ 
rapidly  that  the  solution  will  boil  and  splash  out 
of  the  container. 

4.  Be  alert  for  sprays  and  splashes  when 
opening  containers  and  during  mixing.  If  acid 
spills,  neutralize  with  bicarbonate  of  soda  or 
ammonia,  and  flush  with  an  abundance  of  water. 

5.  If  acid  is  spilled  or  splashed  on  any  part  of 
the  body,  neutralize  with  a  solution  of  bicarbon- 
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i  ate  of  soda  and  water,  or  ammonia  and  water, 
and  immediately  shower  or  flush  the  affected 
area  with  large  amounts  of  water.  Should  the 
eyes  be  affected^  flush  with  an  abundance  of 
fresh  water  and  seek  medical  atterttion  immedi- 
ately.. 

6.  Insure  that  an  adequate  supply  of  flrst  aid 
material  is  immediately  available  at  all  times  for 
the  neutralization  of  acid. 

7.  Do  not  carry  electrolyte  in  open-top  con- 
tainers, and  insure  that  glass  containers  ate  ' 
protected  against  breakage.  \^ 

8.  Never  allow  containers  of  electrolyte  to  be 
placed  near  heating  pipes,  or  to  stand  in  the  sun 
for  any  length  of  time. 

Table  10-1  shows  the  quantities  of  water  and 
acid  to  mix  for  obtaining  a  certain  specific 
\gravity.  For  example,  an  electrolyte  of  1.300 
specific  gravity  is  produced  by  mixing  five  parts 
ofN^ter  to  two  parts  of  acid,  when  starting  with 
K83\  specific  gravity  acid.  If  1.400  specific 
gravity\acid  is  used,  two  parts  water  and  five 
parts  aciU  will  give  the  same  results. 

Allow  the  mixed  electrolyte  to  cool  to  room 
tempelraturevbefore  adding  it  to  the  battery  cells. 
Hot  electrolyte  will  destroy  the  cell  plates 
rapidly.  Do  not  add  the  electrolyte  if  its 
temperature  is  abo.e  90°  F.  After  filling  the 
batteiy  cells,  allow,  the  electrolyte  to  cool  again 
because  more  heat  is  generated  by  its  contact 
with  the  battery  plates.  Next,  take  hydrometer 
readings.  \ 

The  specific  gravity  of  the  electrolyte  will 
correspond  closely  t6  the  values  given  in  the  mix- 
ing chart  if  the  water  and  acid  are  mixed  in  the 
proper  quantities. 

MAINTENANCE  AND  TESTING 

Battery  maintenance  and  testing  should  al- 
ways begin  with  a  thorough'visual  inspection. 
Look  for  signs  of  corrosion  on  or  around  the 
battery.  Gean  the  top  of  the  battery  with  a  stiff 
bristle  brush,  being  careful  that  the  particles 
brushed  off  do  not  get  on  the  skin  or  clothing. 
Wipe  the  top  of  thev  battery  with  a  cloth 
moistened  with  either  ammonia  or  baking  soda 
dissolved  in  water. 

Remove  the  cables  and  inspect  the  terminal 
posts  to  see  if  they  are  deformed  or  broken. 
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specific 
gravity 
desired 

Using  1. 835 
sp.  gr.  acid 

Using  1.400 
sp.  gr.  acid 

Parts 

of 
water 

Parts 

of 
acid 

Parts 

of 
water 

Parts 
of 

acid 

1.400 

3 

2 

1.345 

2 

1 

1 

7 

1.300 

5 

-  2 

2 

5 

1.290 

8 

3 

9 

20 

1.275 

11 

4 

11 

20 

1.250 

13 

4 

3 

4 

1.225 

11 

3 

1 

.1  . 

1.200 

13 

3 

13 

10 

Clean  the  terminal  posts  and  the  inside  surfaces 
of  the  cable  clamps  before  replacing  them  on  the 
terminal  posts.  Inspect  the  battery  holder  (era* 
die)  and  the  battery  holdown  deyioe.  Inspect  the 
battery  for  a  cracked  or  bulging  case  and  the 
sealing  compound  on  top  of  the  bal^ry  for 
leaks  or  cracks. 

Remove  the  vent  cap  from  each  cell  and 
check  the  electrolyte  level  of  the  battery.  Make 
sure  the  vents  in  the  vent  caps  are  free  of  any 
obstructions. 

The  state  of  charge  and  the  ability  of  a 
battery  to  withstand  loads  must  meet  the 
manufacturer's  specifications  before  checking 
any  other  part  of  an  electrical  system. 

The  battery  load  test  is  recommended  by 
most  battery  manufacturers.  This  test  indicates 
how  well  the  battery  will  perform  under  normal 
cranking  bad  conditions.  The  BATTERY- 
STARTER  tester,  discussed  in  chapter  9  of  this 
manual,  is  the  instrument  used  to  make  this  test. 


'  GENERATING  SYSTEMS 

The  generator  is  a  machine  which  applies  the 
principle  of  electromagnetic  induction  to  con- 
vert mechanical  energy,  supplied  by  the  engine, 
into  electrical  energy.  The  generator  restores  to 
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Figurv  10-7.--Simple  direct-current  nenerator. 


the  battery  the  energy  that  has  been  used  in 
cranking  the  engine.  Whether  the  energy  re- 
quired for  the  rest  of  the  elec.acal  system  is 
supplied  directly  by  the  generator,  by  the 
battery,  or  by  a  combination  of  both,  depends 
on  the  conditions  under  which  the  generator  is 
operating* 

inhere  are  two  types  of  genentors  used  in 
automotive  equipments.  Tne  d-c  generator  sup- 
plies electrical  energy  directly  to  the  battery 
and/or  electrical  syste;n  through  various  regulat- 
ing devices.  The  a-c  generator  (alternatdr)  has 
the  same  function  as  the  d-c  generator,  but 
because  only  d.c.  can  be  used  to  charge  a  bat- 
tery, a  device  called  a  rectifier  must  be  employ- 
ed to  convert  the  current  from  a.c*  to  d.c. 


AS.277 

Figure  10-8.-Generating  direct-current  electricel  energy. 
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D  C  GENERATOR 

The  essential  parts  of  a  direct-current  genera- 
tor are  the  armature  coil,  commutator  with 
brushes,  and  a  stationary  field  coil.  A  simple  d-c 
generator  is  illustrated  in  figure  lO-?.  The 
commutator  is  a  ring  split  into  two  segments 
which  are  insulated  from  each  other.  The  two 
ends  of  the  armature  coil  are  connected  to 
opposite  commutator  segments.  The  dial  and 
pointer  in  figures  10-7  and  108  represent  a 
galvanometer,  an  instrument  with  zero  in  the 
center  of  the  scale  and  a  pointer  that  will  move 
in  either  direction,  measuring  small  amounts  of 
current.  Notice  how  the  two  brushes  are 
mounted  on  opposite  sides  of  the  commutator 
to  permit  each  brush  to  be  in  contact  with  a 
different  segment  as  the  armature  turns. 

In  position  A  of  figure  10-8,  the  amiature  is 
rotating  clockwise,  the  black  side  of  th^  arma- 
ture coil  is  moving  toward  the  north  pole/ and 
the  white  side  is  moving  toward  the  south  pole. 
At  this  very  instant  both  sides  of  the  armature 
coil  are  parallel  to  the  lines  of  flux,  and  no  lines 
are  cut;  therefore,  no  voltage  or  emf  is  induced 
(intp  the  armature  coii. 

In  position  B,  the  armature  coU  has  rotated 
90  degrees,  both  sides  of  the  armature  coil  are 
cutting  maximum  lines  of  flux,  and  maximum 
voltage  is  induced  into  the  armature  coil,  causing 
maximum  current  to  flow  as  indicated  by  the 
galvanometer. 

In  positions  A  and  C  (0  and  180  electrical 
degrees),  no  lines  of  flux  are  tut;'  therefore,  no 
voltage  is  induced  into  the  armature  coU  and 
there  is  no  current  flow  as  indicated  ^y  the 
galvanometer.  In  positions  B  and  D,  both  sides 
of  the  armature  coU  are  cutting  maximum  lines 
of  flux,  thereby  inducing  maximum  voltage. 

In  studying  figure  10-8,  note  carefully  that 
when  the  black  side  of  the  armature  coil  is  under 
the  influence  of  the  north  pole  the  c\  'ent  flow 
is  OUT,  and  when  the  black  side  of  th»  armature 
coil  comes  under  the  influence  of  the  south  pole 
in  position  D  the  current  flow  is  IN.  As  the 
armature  rotate "  at  certain  positions  (Oand  180 
electrical  degrees)  the  current  flow  will  change 
directions  within  the  armature  coil,  and  this 
changing  directions  of  the  current  is  referred  to 
as  alternating  current.  When  current  was  flowing 


OUT,  the  segment  attached  to  the  black  side  of 
the  armature  coil  was  making  contact  with  the 
negative  (-)  brush,  but  when  the  current  starts  to 
flow  IN,  the  segment  switches  to  the  positive  (+) 
brush.  This  switching  action  of  the  commutator 
segments  changes  the  a.c»  within  the  armature 
coil  to  d.c.  within  the  external  circuit.  Current 
always  flows  the  same  direction  through  the 
galvanometer.  s 
The  direction  of  current  flow  in  the  armature 
coil  during  rotation  can  be  determined  by  using 
the  left-hand  rule  for  generators.  The  left-hand 
rule  is  applied  as  follows.  Extend  the  left  hand 
so  that  the  THUMB  points  in  the  direction  of 
conductor  movement  (side  of  armature  coil), 
and  the  FOREFINGER  points  in  the  direction 
of  magnetic  flux  (north  to  south).  By  pointing 
the  MIDDLE  FINGER  90  degrees  from  the 
.  forefinger,  it  will  point  in  the  direction  of 
'  current  flow  within  the  conductor. 

The  generators  in  figures  10-7  and  10-8  are 
used  for  explanation  purposes  only.  The  output 
of  these  generators  would  be  a  low  d-c  voltage, 
varying  between  zero  and  maximum^  genera- 
tor must  have  several  loops  or  turns  of  wire  in 
each  armature  coil  for  sufiicient  voltage  (emO  to 
be  induced  into  the  coil;  likewise,  the  armature 
must  have  the  several  coils  distributed  evenly 
around  the  armature  core.  The  coils  or  armature 
windings  are  connected  to  each  other  and  to  the 
commutator  segments  in  such  a  way  that  the 
voltage  impulses  overlap  and  produce  a  steady 
output  voltage.  This  may  be  compared  to  the 
overlapping  of  power  impulses  in  an  8-  or 
12-cylinder  engine.  . 

The  armature  core  (see  fig.  10-9)  on  which  the 
armature  windings  or  coils  are  mounted  is  made 
of  laminated  soft  iron.  The  core  is  laminated  to 
reduce  eddy  currents,  and  is  made  of  soft  iron 
for  permeability. 

The  purpose  of  the  field  windings  (field  coil) 
(fig.  10-9)  is  to  increase  the  strength  of  the 
magnetic  field  so  that  more  current  will  be 
induced  in  the  armature  wi.idings  as  the  arma- 
ture rotates.  In  most  generators  the  field  wind- 
ings are  connected  in  parallel  with  the  armature 
winding  (that  is,  across  the  brushes);  this  ar- 
rangement is  called  a  shunt-field  winding.  Figure 
10-10  represents  a  shunt-wound  generator  with 
only  one  armature  coil.  About  8  to  12  percent 
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Figure  10-9.-S6ction«i  view  of  a  d*c  Qenarator. 


of  the  total  current  generated  by  the  armature  is 
shunted  through  the  field  coils  for  producing  the 
magnetic  field  under  normal  load  conditions. 

The  three  basic  factors  that  determine  a 
generator's  output  are  the  speed  of  armaiure 
rotation,  the  number  of  armature  conductors, 
and  the  strength  of  the  magnetic  field.  Any  one 
of  these  factors  could  be  used  to  control  the 
generator  voltage  and  current.  However,  the 
simplest  method  is  to  control  the  strength  of  the 
magn:tic  field  and  thus  limit  the  voltage  and 
current  output  of  the  generator.  This 'concept 
has  application  to  charging  systems  and  will  be 
discussed  later  in  this  chapter. 

GENERATOR  (ALTERNATOR) 

The  output  requirements  of  au  omotive  elec- 
trical generators  have  increased  considerably  in 
recent  years.  This  is  because  of  the  growing 


popularity  of  and  need  for  power  consuming 
electrical  accessories  such  as  two-way  radios,  any 
>^dio  telephones  for  communications, 
hea>y^uty  heaters,  and  air  conditioners. 

A  coiwentional  d-c  generator  that  W( 
produce  the  required  amount  of  electricity 
both  a  alKii  Jind  low  speed  range  would  be  so 
large  that  its  practical  application  would  be 
United,  An  a-c  generator  (alternator)  has  been 
dev^ped  that  can  be  used  in  conjunction  with 
a^ctmer  (fig*  10-1 1)  to  produce  enough  power 
to  fulfill  almost  any  need  over  a  speed  range 
varying  from  idle  to  top  engine  speed. 

Because  of  the  small  size  of  the  alternator,  it 
can  be  acbinpted  to  almost  any  piece  of  equip- 
ment. It  is  constructed  to  withstand  yibratiom 
and  high  speeds  that  are  encountered  in  normal 
service. 

The  alternator  and  the  conventional  d-c  gener- 
ator operate  on  the  same  theory:  the  field 
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produces  lines  of  force  that  are  cut  by  the  loops 
of  the  armature  winding,  thus  inducing  alternat- 
ing current.  Basically,  the  two  generators  are 
composed  of  the  same  functional  parts~a  rotor, 
a  stator,  and  a  device  for  extracting  direct 
cunent  from  alternating  current. 

In  the  d-c  generator,  the  stator  is  the  field,  the 
rotor  is  the  armature,  and  the  device  for 
extracting  direct  current  from  alternating  cur- 
rent is  the  commutator  and  brush  assemblies. 

In  the  alternator  (fig.  10-1 2),  the  stator  is  the 
armaiure,  the  rotor  is  the  fie'd,  and  the  device 
for  extracting  direct  current  from  alternating 
current  is  the  rectifier.  The  rectifiers  are  mounted 
in  the  housing  of  the  alternator. 

The  stator  (armature)  of  the  alternator  ii  the 
section  in  which  the  current  is  induced.  It  is 
made  of  a  shotted  laminated  ring  with  the 
conductors,  placed  in  the  slots.  The  current 
generated  in  the  windings  is  transferred  to  the 
rest  of  the  system  through  three  stationary 
terminals. 

This  arrangement  has  many  advantages  ovei  a 
d-c  generator  armature.  All  the  current  gener- 
ated in  the  d-c  armature  must  be  transferred  to 
the  system  through  brushes.  Where  the  output  is 
high,  the  brushes  have  to  be  very  large  to  handle 
the  power.  In  the  alternator,  this  problem  is 
eliminated  because  the.  armature  windings  are 
stationary;  hence,  only  low  voltage  field  current 
passes  through  the  alternator's  brushes.  Since 
the  armature  windings  are  stationary,  they  are 
not  affected  by  centrifugal  force  as  are  the  loops 
in  the  armature  of  a  d-c  generator. 

The  rotor  in  the  alternator  compares  in 
function  with  the  field  (stator)  of  a  d-c  genera- 
tor. The  rotor  (fig.  10-13),  is  made  in  four 
parts-a  coil,  a  core,  and  two  rotor  halves  or 
spiders.  The  rotor  is  assembled  by  placing  the 
coil  on  the  core  and  then  fitting  the  rotor  halves 
around  them.  These  are  assembled  on  a  shaft, 
and  the  coil  leads  are  connected  to  sUp  rings. 

Because  of  the  rugged  construction  of  the 
rotor  halves,  this  unit  can  be  rotated  at  very  high 
speeds  without  damage.  The  limiting  factor  is 
the  rpm  rating  of  the  bearings  that  hold  the 
shaft  in  the  housings 

A  basic  alternator  (fig.  10-14)  consists  of  one 
winding  or  loop  in  the  stator  and  a  Mngle  pair  of 
poles  in  the  rotor.  When  the  rotor  of  this 
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Figure  10*10. -A  shunt-wound  genmlor. 

machine  is  turned  through  360  degrees,  it 
induces  a  single  cycle  of  alternating  current.  If  a 
rotor  with  six  pairs  of  poles  were  put  in  the 
basic  alternator  (fig.  10-15),  six  cycles  of  later- 
nating  current  would  be  generated  every  time 
the  rotor  made  one  complete  revolution. 

If  two  more  loops  were  added  to  the  stator 
(fig.  10-1 6),  six  cycles  of  alternating  current 
would  be  generated  in  each  loop  for  every 
revolution  of  the  rotor.  This  type  of  machine  is 
caJed  a  3-phase  alternator. 
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I  Figure  10-11, 

I  Recti^rs 

The  battery  and  other  electrical  accessaries  in 
the  automotive  electrical  system  operate  on 
direct  current  which  flows  in  one  direction  only. 
For  this  reason  it  is  necessary  to  change  the 
alternating  current  to  direct  current.  This  func- 
tion is  performed  by  rectifiers.  The  type  of 
rectifier  used  in  modem  automotive  alternators 
is  shown  in  figure  10-17 -the  semiconductor 
(diode). 

Modem  alternators  have  these  semiconductor 
rectifiers  (diodes)  internally  mounted  within  the 
alternator.  The  type  of  diode  most  commonly 
used  is  the  silicon  diode.  The  main  advantages  of 
diodes  over  the  previously  used  metallic  recti- 
fiers are  that  they  have  a  higher  current  carrying 
capacity,  are  of  moie  rugged  construction,  and 
are  small  in  size. 

Identification  of  diode  polarity  varies  greatly 
with  the  alternator  model  and  manufacturer; 
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Alternator. 

some  are  plainly  marked  with  a  +  or  -  sign,  some 
are  marked  with  red  and  black  lettering,  while 
others  are  threaded  to  indicate  polarity— left  for 
positive,  right  for  negative. 

Automotive  alternators  use  six  diodes  to 
provide  full  wave  rectification  of  the  alternator's 
3i^hase  a-c  internal  output  to  provide  d-c 
current  at  the  output  terminal  ur  ihe 
alternator.  (See  fig.  10-18.)  These  six  (tliree 
positive-three  negative)  are  mounted  internally- 
three  pressed  or  threaded  into  the  end  frame 
or  diode  plate,  and  three  pressed  or  threaded 
into  a  heat  sink  or  diode  plate  mounted  on  the 
end  frame. 

WATERPROOF  GENERATORS 

On  many  military  vehicles,  the  generator  is 
made  watertight  by  sealing  the  generator  so  that 
water  cannot  enter.  In  addition,  corro- 
sion-resistant stainless  steel  bearings  are  us^d. 


246 


Chapter  10  ^  AUTOMOTIVE  ELECTRICAL  SYSTEMS 


DRIVE  END  FRAME 


ROTOR  ASSEMBLY 


STATOR  ASSEMBLY 


SLIP  RING 
END  FRAME* 


Figure  1O*12.-Dittss0mbtod  alternator 

The  commutator  end  bearing  is  packed  with 
heat-resisting  grease,  while  the  drive  end  bearing 
is  lubricated  by  an  oil  reservoir.  Neither  bearing 
requires  attention  between  generator  overhauls. 
The  generator  leads  arc  enUused  in  waterproof 
conduit  that  is  fitted  with  a  waterproof  coupling 
for  attachment  to  the  generator. 
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GENERATOR  OUTPU I  CONTROL 

To  provide  control  of  the  output  of  automo- 
tive generators,  the  charging  system  incorporates 
a  regulator.  Basically,  a  regulator  is  an  automatic 
s^yiJching  device  which  maintains  the  battery  in 
a  satisfactorily  charged  condition  without  dam- 
aging the  electrical  system. 

Regulation  is  needed  on  d-c  generators  and  a-c 
generators  or  alternators  because,  with  no  regu- 
lation, output  continues  to  increase  as  generator 
sp^d  increases. 

There  are  several  types  of  regulator  assemblies 
used  to  acc^  .iplish  generator  control,  but  the 
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FH^ra  ia>13.-€xpkNiad  view  of  an  altarnator  rotor. 


ERLC 


247 


AVIATION  SUPPORT  EQVIPMENT  TECHNICIAN  E  3  &  2 


« 


AS.2K 

Figurt  10-14.-A  timpto  alternator. 
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f  igura  10-15. -A  baiic  attamalor  with  six 
pairs  of  polas  in  tha  rotor. 

typ^  most  commonly  used  in  automotive  sys- 
tems are  the  vibrating-contact,  the  transistor- 
ized»  and  the  transistor 

CAUTION:  Each  model  regulator  is  designed 
for  use  on  only  one  polarity  system.  On  electri- 
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FIgura  10-16.-Thraai»hasa  atlamator. 
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Figura  10*17.-Samioonduetor  (dioda)  raetiftar. 

cal  systems  the  polarity  of  the  regulator,  genera- 
tor, and  battery  must  be  the  same.  When 
installing  any  one  of  these  three  units,  do  not 
make  any  connections  until  the  polarities  have 
been  checkecl. 
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D-c  Generator  Regulation 

The  vibrating-contact  regulator  (fig.  10-19)  is 
the  type  mo«t  commonly  used  on  d*c  generator 
equipped  vehicles.  The  regulator  consists  of  a 
reverse  current  relay,  a  voltage  regulator,  a 
current  regulator,  and  two  resistors. 

There  are  two  types  of  circuits  in  use  for 
systems  using  d*c  generators  ^nd  vibrating-con- 
tact  regulators.  One  is  referred  to  as  a  type  "A** 
or  standard  duty  circuit  in  wh|ch  the  generator 
field  circuit  is  connected  to  tne  armature  termi- 
nal inside  the  generator  and  is  grounded  exter- 
naUy  through  the  regulator  contacts.  The  other 
is  referred  to  as  a  type  "B'*  or  heavy  duty  circuit 
in  which  the  generator  field  circuit  is  connected 
to  the  armature  terminal  inside  the  regulator  and 
is  grounded  inside  the*generator. 

Generally,  testing  of  either  of  the  circuit 
types  is  done  in  the  same  way  wich  these 
exceptions:  the  way  the  field  control  is  con- 
nected for  the  reverse  Current  relay  check,  and 
the  way  the  generator  is  polarized. 

NOTE:  The  d-c  charging  system  components 
and  the  tests  for  d*c  charging  systems  discussed 
in  this  chapter,  are  for  type  **A''  circuits. 

The  regulator  ^own  in  figure  10-19  controls 
voltage  and  current  by  automatically  cutting 
resistance  in  or  out  of  the  field  circuit  of  the 
generator.  Varying  the  amount  of  reJstance  in 
the  field  circuit  changes  the  amount  of  current 
passing  through  the  generator  fields.  This,  in 
turn,  changes  the  strpngth^of  f*ne  magnetic  field 
produced  in  the  generator.  Thus,  generator 
output  is  regulated  by  controlling  field  current. 

REVERSE  CURRENT  RELAY.--The  reverse 
current  relay  prevents  the  battery  from  discharg- 
ing through  the  generator  when  the  engme  is 
stopped  or  is  running  at  slow  speed.  When  the 
spe^d'  of  the  generator  is  increased  and  the 
output  voltage  of  the  generator  becontes  higher 
than  that  of  the  battery,  the  reverse  current 
relay  closes,  completing  the  circuit  from  the 
generator  to  the  battery. 

When  the  speed  of  the  generator  is  decre^ed 
and  the  oiitput  voltage  of  ihe  generator  becomes 
lower  than  the  voltage  of  the  battery,  the  reverse 
currentlfMay  opens,  opening  the  circuit  between 
the  generator  and  the  battery. 
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Figure  lO-IS.-Function  of  the  altemetor  dkxlet. 


A&882 

Figure  10-19.-Three-unlt  vibrithHhoonlaet, 
d<  regulator. 

The  reverse  current  relay  (fig.  10-20)  has  two 
windings  on  a  single  core-one  consists  of  a  few 
turns  of  heavy  wire  in  series  with  the  chaining 
circuit;  the  other  consists  of  many  turns  of  fine 
wire  and  is  shunted  across  the  generator. 

The  windings  and  core  of  the  reverse  current 
relay  are  assembled  in  a  frame,  and  a  flat  st^l 
armature  with  a  contact  point  is  attached  to  the 
frame  by  a  hinge*  A  flat  spring  holds  the  contact 
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Figure  10-20.-D-C  chvgmg  circuit 

points  open  when  the  battery  voltage  is  higher 
than  that  of  the  generator. 

VOLTAGE  REGULATOR.-The  voltage  regu- 
lator (fig.  10-30)  prevents  circuit  voltage  from 
exceeding  -a  preset  value  and  maintains  a  con* 
staiit  voltage  in  the  system.  It  has  a  series 
winding  of  many  turns  of  fine  wire  and  is 
shunted  across  the  generator.  The  shunt  winding 
cormsts  of  a  few  turns  of  heavy  wire. 

The  windings  and  core  of  the  voltage  regu- 
lator are  assembled  in  a  frame>  and  a  flat  stee! 
armature  with  a  contact  point  is  attached  to  the 
frame  by  a  hinge.  A  coil  spring  (not  shown)  is 
attached  between  the  armature  ^nd  regulator 
base  to  hold  the  contact  points  m  the  closed 
position  when  the  voltage  regulator  is  not 
working, 

CURRENT  REGULATOR.-The  current  reg- 
ulator protects  the  generator  and  charging 
circuit  from  overload  by  limiting  currentbutput 
to  a  preset  value. 

The  current  r^ulator  (fig.  10-20)  has  a  single 
winding  of  a  few  turns  of  heavy  wire  in  series 
with  the  generator  output,  and  the  entire  output 
of  the  generator  passes  through  tiiis  winding. 

Except  for  the  single  winding,  the  construc- 
tion of  the  current  regulator  is  the  same  as  the 
Voltage  regulator. 

RESISTORS.-'Cunrent  and  voltage  regulators 
use  two  common  resistors  mounted  on  the  back 
of  the  regulator  base,  and  are  referred  to  here  as 
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withavibrating-oontact  regulator. 

Rl  and  R2.  Rl  (fig.  10-20)  is  connected 
between  the  regulator  field  terminal  and  ^ound 
atMhe  regulator  base,  and  R2  is  connected 
between  the  regulator  field  terminal  and  the 
reverse  current  relay  frame. 

Rl  is  connected  in  scries  wifli  the  generator 
field  coils  When  either  the  voltage  or  the  cuirent 
regulator  operates.  R2  is  connected  in  parallel 
wit^  the  generator  field  coils  and  helps  to 
dissipate  the  surge  of  induced  voltage  which 
occurs  in  the  field  coils  when  either  the  voltage 
or  the  current  regulator  operates.  This  induced 
voltage  suige  is  due  to  the  sudden  drop  of  field 
current  and  the  resultant  decrease  in  strength  of 
the  magnetic  field.  Dissipation  of  this  induced 
volt^e  surge  reduces  arcing  at  the  voltage  and 
current  regulator  contact  points. 

OPERAllON.-The  charging  system  shown  in 
figure  10-20  is  in  a  static  condition.  Notice  that 
the  reverse  current  relay  contacts  are  op^;  the 
current  regulator  ^nd  voltage  regulator  contacts 
are  closed.  With  the  contacts  of  the  two  regula- 
tors closed,  the  generator  field  circuit  has 
minimum  resistance  and,  as  the  generator  ^ 
driven  and  speed  increases,  the  output  volta^ 
builds  up  because  of  the  unrestricted  increase  of 
field  voltage  and  current. 

When  the  generator  output  voltage  builds  up 
to  where  it  is  higher  than  the  battery  voltage, 
the  current  through  the  shunt  winding  ^f  the 
reverse  current  relay  creates  a  magnetic  Afield 
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strong  enough  to  overcome  the  tension  of  the  * 
aimature  spring  and  close  the  contacts.  With  the 
contacts  closed,  the  generator  is  connected  to 
the  battery  and  the  generator  output  flows 
through  the  series  winding  of  the  reverse  current 
relay  to  the  battery,  adding  strength  to  the 
magnetic  field  created  by  the  shunt  winding. 

Once  the  generator  output  voltage  reaches  the 
value  for  which  the  vohage  regulator  is  adjusted, 
the  magnetic  field  created  by  the  winding  of  the 
voltage  regulator  overcomes  the  tension  of  the 
armature  spring  and  pulls  the  armature  down, 
opening  the  contacts.  This  inserts  Rl  in  series 
with  the  generator  field  coil  with  the  result  that 
generator  field  voltage  and  current  are  de- 
creased, and  generator  output  voltage  is  re- 
duced. The  surge  of  high  voltage  induced  in  the 
generator  fields,  because  of  the  sudden  drop  in 
field  strength,  is  dissipated  across  R2.  The 
reduction  in  generator  output  voltage  is  accom- 
panied by  a  weakening  of  the  magnetic  field  of 
the  voltage  regulator  winding  which  allows  the 
contacts  to  close.  When  the  contacts  close,  Rl  is 
removed  from  the  field  circuit,  field  voltage  and 
current  increase,  and  generator  output  voltage 
increases.  This  cycle  may  be  repea^d  as  many  as 
200  times  per  second  (hence  the  name  "vibrat- 
ing contact")  to  maintain  a  constant  voltage  in 
the  charging  system. 

When  electrical  load  requirements  are  high, 
the  current  regulator  operates  to  keep  the 
generator  from  exceeding  its  rated  maximum 
current  output.  When  the  generator  current 
output  reaches  the  value  for  which  the  current 
regulator  is  set,  current  flow  through  the  series 
winding  of  the  current  regulator  creates  a 
magnetic  field  strong  enough  to  overcome  the 
ttnsion  of  the  armature  spring,  pull  the  armature 
down,  and  open  the  current  regulator  contacts. 
This  iifeerts  Rl  in  series  with  the  generator  field 
coil  circuit,  thereby  decreasing  generator  field 
voltage  and  current  and  reducing  output  current. 
This  reduction  is  accompanied  by  a  weakening 
of  the  magnetic  field  of  the  series  winding  of  the 
current  regulator  which  allows  the  contact 
points  to  close.  When  the  contact  points  close, 
Rl  is  removed  from  the  field  coil  circuit,  field 
voltage  and  current  increase,  and^generator  out- 
put current  increases.  This  cycle  is  repeated  as 


many  as  50  times  per  second  to  limit  the  genera- 
tor output  current  to  a  set  value.. 

When  the  generator  speed  decreases  to  a  point 
where  generator  output  voltage  becomes  less 
than  that  of  the  battery,  current  from  the 
battery  flows  back  to  the  generator,  through  the 
series  winding  of  the  reverse  current  relay, 
canceling  the  magnetic  field  created  by  the 
shunt  winding  of  the  reverse  current  relay.  This 
allows  the  armature  to  return  to  its  original 
position,  opening  the  contact  points  and  breik- 
I  ing  the  circuit  between  the  generator  and, the 
battery. 

The 'regulator  assembly  (fig.  10-19)  provides 
control  of  the  generator  under  all  conditions. 
Either  the  current  regulator  or  the  voltgge 
regulator  may  be  operating  at  any  one  time,  but 
in  no  case  do  they  fcoth  operate  at  the  same 
time. 

A-c  Generator  Regulation 

While  the  regulator  for  an  a-c  generator 
(alternator)  performs  the  same  function' as  does 
the  regulator  for  a  d-c  generator,  there  are 
differences  in  its  makeup  just  as  there  are 
,  differences  between  the  allemaior  and  the  d-c 
generator., 

A  reverse  current  relay  is  not  requued  in  an 
a-c  charging  system  because  the  diodes  in  the 
alternator  prevent  reverse  current  flow;  thus  the 
battery  canndt  discharge  through  the  alternator. 
Also,  a  current  regulator  is  not  required  because 
,of  the  design  characteristics  of  the  alternator 
which  maintain  current  within  the  limits  of  the 
alternator  throughout  its  operating  range. 

An  alternator  equipped  vehicle  may  use  any 
one  of  three  types  of  regulators-vibrating-con- 
tact,  transistorized,  or  transistor..  The  type  used 
depends  upon  the  vehicle  manufacturer.. 

VIBRATING-CONTACT.--The  vibrating-con- 
tact  regulator  (fig.  10-21)  is  the  one  most 
commonly  used  on  alternator  equipped  vehicles 
and  consists  of  a  field  relay  and  a  voltage 
regulator. 

The  two-unit,  double-contact  regulator  is  suit- 
able for  use  in  systems  using  a  warning  light  or 
an  ammeter.  The  information  presented  here 
refers  to  a  chaiging  system  using  an  ammeter. 

The  voltage  regulator  unit  operates  to  limit 
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Fl9ur«  10-21.-TwoHinit  vibratifH^oontMt, 
•"C  rigulator. 

generator  voltage  to  a  preset  value,  whereas  the 
field  relay  unit  operates  to  connect  the  genera- 
tor field  winding  and  regulator  winding  directly 
to  the  battery. 

Opera ticm. -The  operation  of  the  double  unit 
regulator  is  briefly  discussed  in  the  following 
paragraphs.  Refer  to  figure  10-22  during  this 
operational  discussion. 

On  some  circuits,^  condenser  may  be  con- 
nected to  the  number  4  regulator  tehninal. 
CAUTION:  Do  not  connect  anything  to  the 
number  4  terminal  other  than  a  condenser. 

When  the  switch  is  closed »  the  fldld  relay 
windL^g  in  the  regulator  is  connected  directly  to 
the  battery.  The  magnetism  created  in  the  relay 
coil  attracts  the  relay  armature  toward  the  cor^ 
causing  the  contacts  to  close.  This  connects  the 
generator  field  wind^ig  directly  to  the  battery, 
allowing  current  to  flow  from  the  battery  to 
ground,  through  the  generator  field  windings  to 
the  F  terminals  of  the  alternator  and  regulator. 


Current  continues  to  flow  throu^  the  voltage 
regulator  lower  contacts,  the  field  relay  contacts 
to  the  regulator  number  3  terminal  and  back  to 
the  battery. 

When  the  generator  begins  to  operate,  vc 
voltages  are  generated  in  the  stator  windings, 
and  these  voltages  are  then  changed  or  rectified 
to  a  d-c  voltage  which  appears  at  the  output  ter- 
minal of  the  alternator. 

As  the  speed  of  the  generator  increases,  the 
voltage  at  the  "BAT"  terminal  of  the  generator 
also  increases.  This  impresses  a  highet*  voltage 
through  the  field  relay  contacts  and  across  the 
voltage  regulator  shunt  winding.  The  increased 
magnetism  created  by  the  higher  voltage  across 
the  winding  causes  the  lower  cont^'^ts  to  sepa- 
rate, and  field  current  then  flows  tljirough  a 
resistor,  resulting  in  reduced  field  currjent.  This 
reduced  field  current  causes  the  generator  volt- 
age to  decrease,  wfu^  decreases  the  hiagnetic 
pull  of  the  voltage  regulator  shunt  winding.  The 
spring  causes  the  contacts  to  redose,  and  the 
cycle  then  repeats  many  times  per  second  to 
limit  the  generator  voltage  to  a  preset  value. 
^  As  the  generator  speed  increases^  even  further, 
the  resistor  connected  across  the  contacts  is  not 
of  sufficiently  high  value  to  maintain  voltage  ^ 
control  on  the  scries  (lower)  contacts.  There- 
fore, the  voltage  increases  slightly,  causing  th^ 
upper  or  shorting  contacts  to  close.  When  this 
happens,  the  generator  field  winding  is  shorted 
and  no  current  passes  through  the  winding*  With 
no  current  in  the  field  winding,  the  generator 
voltage  decreases,  which  also  decreases  the  mag- 
netism in  the  shunt  winding,  and  the  upper  or 
shorting  contacts  open.  With  these  contacts 
open,  field  current  flows  through  the  resistor 
and  the  field  winding.  As  the  voltage  increases, 
the  contacts  reclose* 

Thia  cycle  then  repeats  itself  many  tijmes  per 
second  to  limit  the  generator  voltage  to^a  preset 
value  during  high  generator  speeds.  Thus,  the 
regulator  functions  to  control  the  generator 
output  voltage  throughout  its  operating  speed 
range. 

TRANSIStORIZED.-~In  the  transistorized 
type  of  regulator,  a  single  transistor  works  with 
dxconventional  voltage  regulator  unit  containing 
a  Wbrating-contact  pomt  to  control  the  genera- 
tor voltage  to  a  preset  value.  (See  fig.  10-23.) 
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Figurt  10>22.-A-e  charging  circuit  using  a  vibrating^ontact  ragul 


The  generator  field  current  passes  through  the 
enutter*collector  of  the  transistor,  and  the  field 
current  is  "turned  on"  and  "turned  off  by 
opening  and  closing  the  emitter-base  circuit 
through  the  regulator  contact  points.  In  this 
arrangement,  current  passing  through  the  con- 
tact points  is  greatly  reduced,  and  the  life  of  the 
regulator  is  increased  over  that  of  a  conven- 
tional, vibrating  contact,  regulator. 

NOTE:  For  a  complete  and  detailed  explana- 
tion of  transistors  and  transistor  theory,  refer  to 
Basic  Electronics,  NavPers  10087  (Series). 

An  example  of  this  iype  of  regulator  is  the 
four-termin{d  unit  illustrated  in  figure  10-24.  It 
consists  of  a  field  relay,  a  transistor,  and  a 
voltage  regulator. 

Operation. -When  the  ignition  switch  is  closed 
(fig.  10-25),  the  winding  on  the  field  relay  is 
connected  across  the  battery.  Current  passing 
through  the  field  relay  winding  creates  magne- 
tism which  attracts  the  armature  to  the  core. 
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Figura  10-23.-SimpMiad  transittorizad 
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AS.48 

Figur?  10-24.-Transi$torized  reguiator. 

causing  the  field  relay  contacts  to  close..  This 
connects  generator  field  winding  F2  to  the 
battery.:  The  field  circuit  is  completed  to  ground 
through  the  emitter-collector  of  the  transistor? 
and  through  the  emitter-base  of  the  transistor 
and  the  voltage  regulator  contact  points,  which 
are  normally  held  closed  by  the  helical  spring. 

When  the  field  relay  contacts  close,  the  two 
windings  on  the  voltage  regulator  are  also 
connected  across  the  battery.  The  resulting 
magnetism,  is  not  strong  enough/ however,  to 
overcome  the  adjusted  tension  of  the  helical 
spring  and  cause  the  voltage  regulator  contacts 
to  open.  The  generator  field  circuit  is  therefore 
completed  to  ground  as  soon  as  the  ignition 
switch  is  closed,  and  the  generator  field  windings 
carry  full  field  current,  producing  a  d-c  voltage 
at  the  "BAT"  terminal  on  the  generator  when 
the  generator  is  in  operation.  When  the  genera- 
tor speed  increases,  the  voltage  increases.  This 
voltage'  is  impressed  across  the  two  windings  on 
the  voltage  regulator  unit.  When  the  voltage 
reaches  the  value  at  which  the  magnetism 
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created  by  both  windings  overcomes  the  spring 
tension,  the  armature  is  attracted  toward  the 
core  and  the  contact  points  separate. 

With  the  voltage  regulator  contact  points  • 
open,  there  is  no  emitter-base  current,  and 
consequently  no  emitter-collector  current.  The 
generator  field  current,  therefore,  is  *'tumed 
off*  when  the  voltage  regulator  contacts  are 
open.  With  no  field  current,  the  generated 
voltage  immediately  decreases.  This  smaller  volt- 
age results  in  less  current  through  the  voltage 
regulator  shunt  winding,  and  consequently  less 
magnetism.  The  weakened  magnetic  pulPon  the 
armature  is  then  overcome  by  the  spring,  which 
pulls  the  armature  away  from  the  core  and 
recloses  the  contacts.  This  cycle  then  repeats 
many  times  per  second,  resulting  in  a  constant 
generated  voltage  which  is  determined  by  the 
adjusted  spring  tension.  With  higher  spring  ten- 
sion, more  magnetic  pull  is  required  to  open  the 
contacts;  therefore,  the  voltage  ivill  rise  to  a 
higher  value  before  the  contacts  will  open,  and  a 
higher  voltage  setting  results.  Similarly,  reduced 
spring  tension  gives  a  lower  voltage  setting. 

Note  in  figure  10-25  that  the  voltage  regulator 
accelerator  winding,  which  is  connected  to  the 
regulator  F-2  terminal  and  to  ground  through  a 
resistor  and  the  voltage  regulator  contacts,  car- 
ries no  current  at  all  when  the  voltage  regulator 
contacts  are  open.  Thus,  when  the  contacts 
open,  the  magnetic  pull,  created  by  the  shunt 
windijng  connected  directly  to  grouiR,  allows 
the  armature  spring  to  reclose  the  contacts  in  a 
very  short  interval  of  time.  Once  closed,  the 
magnetic  pull  of  the  accelerator  is  restored  and 
is  added  to  the  magnetic  pull  of  the  shunt  wind- 
ing. The  contacts  immediately  reopen.  The  ac- 
celerator ^winding,  therefore,  speeds  up  or  accel- 
erates the  frequency  of  vibration.  , 

The  resistor  connected  across  the  emitter  and 
base  of  the  transistor  acts  to  prevent  emit- 
ter-to-collector current  **leakage''  when  the  volt- 
age regulator  contacts  are  open  under  high 
temperature  conditions.  There  is  a  tendency  for 
some  current  to  "leak  through"  when  there  are 
too  many  free  electrons  present  at  high  tempera- 
tures even  though  the  contacts  are  open. 

The  diode  (upper  center)  is  connected  di-^ 
rectly  across  the  generator  fields.  If  the  voltage 
regulator  contacts  opened  without  a  diode  in  the 
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Figurt  10-26.-Transistor  regulator. 

circuit,  the  sudden  interruption  of  field  current 
would  cause  a  high  voltage  to  be  induced  in  the 
field  coils.  The  high  voltage  would  cause  break- 
down of  the  transistor.  This  diode  provides  an 
alternate  circuit  in  which  the  current  can  flow 
without  inducing  a  high  voltage  in  the  fieW 
wiiiding. 

When  the  ignition  switch  is  opened,  the  field 
relay  shunt  winding  is  disconnected  from  the 
battery.  A  spring  then  pulls  the  armature  away 
from  the  core,  opening  the  contacts  and  discon- 
necting the  generator  field  windings  from  the 
battery. 

TRANSISTOR.-The  transistor  regulator 
shown  in  figure  10-26  is  a  Delco-Remy  model 
used  on  some  Navy  equipment.  It  has  only  two 
terminals,  contains  no  moving  parts,  and  limits 
the  generator  voltage  through  the  combined 
action  of  the  two  transistors. 

From  the  wiring  diagram  shown  in  figure 
10-27,  it  may  be  seen  that  the  charging  circuit 
consists  of  the  a*c  generator,  the  regulator,  the 
battery,  the  field  relay,  the  junction  block,  the 
wiring,  and  either  an  ammeter  or  the  indicator 
light. 

Operation  .-When  the  ignition  switch  is 
closed,  the  winding  in  the  field  relay  is  con* 
nccted  to  the  battery.  Tlie  resulting  magnetism 
created  in  the  core  overcomes  the  relay  spring 
tension  and  pulls  the  armature  toward  the  core, 
closing  the  contacts.  This  completes  the  circuit 


from  the  battery  to  the  POS  terminal  of  the 
regulator,  and  also  connects  the  winding  of  the 
indicator  light  relay  to  the  battery.  1 

The  magnetism  created  in  the  core  of  the 
indicator  light  relay  due  to  battery! voltage  is 
insufficient  to  overcome  the  spring  tension  and 
open  the  normally  closed  contacts.  Th6i  contacts 
open  when  the  generator  voltage  increases  to  ^ 
value  greater  than  batte;y  voltage,  at  wlluch  time 
the  generator  is  charging  the  battery  and  the 
indicator  light  is  turned  .  .T  by  opening  of  the 
contacts. 

The.  transistor^  regulator  pefferms^ie-ftmcsL, 
tion  only -to  control  the  generator  field  current 
so  ds  to  limit  the  generator  voltage  to  a  preset 
value.  The  voltage  setting  may  be  adj»'.ited 
extf  niaily  by  relocating  a  screw  in  th,^  base  of 
the  reguiaa The  screw  contacts  the  series  of 
resistors  marked  R7  through  RIO  in  figure  10-27 
and  makes  w  connection  to  ground  at  the  point 
of  contact.  Internal  voltage  adjustment  is  accom- 
plishied  by  turning  a  slotted  head  screw  on  the 
potentiometer  which  varies  the  potential  be- 
tween diode  D2  and  resistor  R5.  The  transistors 
in  the  regulator  operate  in  the  same  manner  as 
previously  described. 

MAINTENANCE  AND  REPAIR 

The  ASE  may  soon  learn  the  hit*and*miss 
method  of  troubleshooting,  maintenance,  and 
repair  of  electrical  systems.  This  type  of  work 
can,  however,  result  in  a  great  waste  of  time  and 
may  result  in  serious  damage  to  one  or  more  of 
the  components  of  the  electrical  system.  Wrong 
adjustments  by  maintenance  personnel  who 
thought  they  knew  how  have  ruined  many 
regulators,  generators,  and  batteries.  Tht  techni- 
cian can  easily  determine  if  a  wire  is  "hot,'*  but 
to  know  the  voltage  and  the  amount  of  current 
flowing  in  the  wire  requires  tne  use  of  instru- 
ments. A  few  4uick  checks  with  a  properly  con- 
nected voltmeter  and/or  ammeter  will  help  iso- 
late electrical  troubles,  and^can  further  locate 
them  in  one  of  the  units  or  circuits  of  the 
system. 

A  good  visual  inspection  should  be  made  of 
the  charging  circuit  before  actual  testing  begins. 
Inspect  the  battery  case  for  cracks  and  leaks. 
Make  sure  the  battery  posts,  clamps,  or  cables 
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Figure  10>27.-A*c  charging  ^cuit  uving  a  transistor  regulator* 
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and  that  the  battery  hold-down  is  properly 
tightened.  A  loose  battery  carrier  or  battery 
holddowp  will  allow  the  battery  to  be  damaged 
by  vibration  and  jarring.  An  excessively  tight- 
ened battery  hold-down  may  buckle  or  crack  the 
battery  case. 

Raised  cell  covers  or  a  warped  battery  case 
may  indicate  that  the  battery  has  been  over- 
heated or  overcharged.  Tliis  may  be  important 
when  analyzing  the  results  of  the  electrical  tests. 
Check  the  level  of  the  electrolyte  in  the  battery. 
Under  normal  conditions,  if  distilled  water  has 
to  be  added  to  the  electrolyte  frequently,  this 
indicates  a  high-charging  rate.  These  conditions 
require  that  the  charging  rate  be  checked  and 
adjustments  made  if  required.  Likewise,  if  a 
batter>'  has  to  be  replaced,  the  charging  rate 
should  be  checked  to  insure  the  charging  system 
is  operating  properly  to  prevent  damage  to  the 
new  battery  and  the  electrical  system. 

Make  a  visual  check  of  the  wiring,  being 
especially  watchful  for  loose  or  dirty  connec- 
tions and  frayed  wires.. 

The  following  quick  checks  for  battery  charg- 
ing troubles  will  determine  whether  the  genera- 
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Figure  10-29.-Markmgs  and  locations  of  generator  and  regutator  terminals. 
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Figure  10-28.-Volt-amp  tester 

are  not  broken  and  that  the  connections  are  not 
corroded  or  loose.  Also  check  for  insulation 
chaffing  that  could  expose  bare  wire.  The  top  of 
the  battery  should  be  clean  and  dry.:  Dirt  and 
electrolyte  on  top  of  the  battery  causes  exces- 
sive self-discharge.  Be  sure  that  the  battery 
carrier  is  solidly  mounted  and  in  good  condition 
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tor  and  regulator  units  are  operating  properly.  If 
,'r  is  operating  improperly,  these  checks  will 
a*.ww  which  unit  is  at  fault  so  that  proper 
adjustments  and  repairs  can  be  made. 

CAUTIOl^:  These  checks  are  tor  charging 
systems  equipped  with  d-c  shunt  type  generators 
and  must  not  be  attempted  on  any  system  using 
an  a-c  generator. 

A  fully  charged  battery  and  a  low  charging 
rate  on  the  dashboard  ammeter  soon  after 
starting  the  engine  indicate  normal  operation  of 
the  regulator. 

A  continued  high  charging  rate  with  a  fully 
charged  battery  indicates  trouble  in  the  regula- 
tor or  a  grounded  generator  field.  Check  the 
cause  for  this  condition  by  disconnecting  the 
lead  from  the  F  (field)  terminal  of  the  regulator. 
This  opens  the  generator  field  circuit.  If  the 
charging  rate  then  drops  off  immediately,  the 
regulator  is  at  fault.  If  not,  the  generator  field  is 


grounded  either  in  the  wiring  harness  or  in  th^ 
generator  itself.  7 

The  same  check  can  be  made  by  removingYhe 
regulator  cover  and  opening  the  voltage  r^ula- 
tor  points  manually.  If  this  also  caus^  the 
output  to  fall  off,  the  trouble  is  almosl/sure  to 
be  the  result  of  a  maladjusted  regulatoj^ 

With  a  low  battery  and  low  or  no  charging 
rate,  first  check  for  loose  connectimis,  corroded 
terminals,  and  frayed  or  damage^  wires  which 
produce  high  resistance,  causmg  the  voltage 
regulator  to  operate  as  though  4he  battery  were 
fully  charged.  If  the  charging  rate  is  not  affected 
by  repairing  these  faults,  Jnsure  all  circuits 
(except  ignition)  are  tumed  off  and  momen- 
tarily ground  the  F  terminal  of  the  regulator 
with  the  generator  operating  at  medium  speed. 
Avoid  high  generator  speeds  since  the  generator 
is  unregulated  when  the  field  is  grounded  and 
excessive  speeds  may  produce  a  dangerously- 
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high  generator  voltage. 

If  the  generator  output  increases,  check  the 
voltage  regulator,  ammeter,  battery,  and  wiring 
in  between  the  components  for  open  or  high 
resi^tmp^connections.  But  if  there  is  no  output 
or  the  output  remains  low,  the  trouble  is  in 
either  the  wiring  harness  or  the  generator..  The 
wiring  harness  can  be  checked  by  grounding  the 
F  terminal  at  the  generator.  If  the  output 
increases,  the  trouble  is  in  the  wiring  harness;  if 
the  output  remains  the  same,  the  generator  is  at 
fault.  If  there  is  no  output,  the  generator  may 
have  lost  its  residual  magnetism  a^d  will  require 
^  polarizing  (explained  later  in  this  chapter).  If 
polarizing  does  not  correct  the  malfunction,  the 
generator  will  have  to  be  removed,  disassembled, 
the  malfunction  located,  and  repairs  made. 

WARNING;  Do  not  operate  a  generator  with 
the  field  circuit  complete  and  the  armature 
circuit  disconnected  (open)  for  more  than  a 
second  or  two~this  is  open-circuit  operation  and 
will  cause  the  generator  field  windings  to  bum 
out, 

REGUtATOR  CHECK 
AND  ADJUSTMENT 

All  the  equipment  necessary  to  test  regulators 
and  generators  for  either  d-c  or  a-c  charging 
circuits  is  combined  into  a  convenient  and 
portable  piece  of  test  cquipment-the  volt-amp 
tester  (VAT).  (See  fig.  10-28.) 

There  are  many  makes  and  models  of 
volt-amp  testers  in  use,  but  all  are  equipped  with 
a  voltmeter  and  an  ammeter  and  have /basically 
the  same  controls-a  voltage  scale  selector,  an 
amperage  scale  selector  (or  separate  connections 
for  each  amperage  scale),  and  a  load  control 
rheostat.  A  field  control  rheostat  may  also  be 
included.  Reference  must  be  made  to  the  opera- 
tor's instruction  manual  for  the  unit  in  order  for 
the  operator  to  make  correct  hookups  and 
follow  correcj  test  procedures. 

NOTE;  The  test  procedures  presented  in  the 
following  section  are  representative  of  tests 
which  can  be  made  and  are  not  to  be  used  in  lieu 
of  those  given  in  the  applicable  maintenance 
instructions  manual  for  any  specific  equipment. 
Inexperienced  peisonnel  must  not  attempt  test- 


ing and  adjusting  procedures  until  trained  to  do 
so. 

Regulators  for  D-C  Shunt 
Type  (jenerators 

The  locatioft  of  generator  and  regulator  termi- 
nals and  the  markings  used  for  the  terminals  are 
different  in  various  systems  arid  makes  of 
equipment.  The  ASE  must  be  able  to  locate  and 
identify  these  terminals  before  test  cohnections 
can  be  made.  Some  of  the  markings  and  loca- 
tions in  general  use  for  regulator  and  generator 
terminals  are  shown  in  figure  10-29. 

Prior  to  making  any  test  of  the  charging 
system,  the  engine  should  be  started  and  run  for 
at  Ifeast  15  minutes  to  allow  the  charging  system 
components  to  come  up  to  operating  tempera- 
ture. , 

REVERSE  CURRENT  RELAY  T^ST.-Refer 
to  figure  10-30.  Select  the  75  (upper)  amp  scale, 
either  by  selecting  the  proper  cable  connection 
as  in  the  figure,  or  by  the  amp  scale  switch, 
whichever  is  ^  appropriate,  for  the  VAT  being 
used.  Set  the  load  control  knob  to  the  direct 
position.  Set  the  voltage  scale  selector  switch  to 
the  lowest  scale  position  that  includes  the  value 
to  be  measured.  Set  the  field  control  to  the  open 
position. 

Connect  one  lead  of  the  voltmeter  to  the 
armature  terminal  of  the  regulator  and  the  other 
to  a  good  ground.  The  voltmeter  lea<i  connected 
to  ground  must  match  the  ground  polarity  of 
the  system  to  be  tested. 

Disconnect  the  battery  lead  from  the  battery 
terminal  of  the  regulator  and  connect  the 
negative  I  ad  of  the  ammeter  to  this  terminal. 
Connect  the  positive  lead  of  the  amnietcr  to  the 
battery  lead  that  was  disconnected  from  the 
regulator  terminal. 

Disconnect  the  field  lead  from  the  field 
terminal  of  the  regulator  and  connect  one  lead 
of  the  field  control  to  this  lead.  Connect  the 
other  field  control  lead  to  a  good  ground. 
I  With  the  en^ne  warmed  up  and  tiie  VAT 
^  connected  as  shown,  adjust  engine  speed  to 
approximately  1,500  rpm,  or  to  the  speed 
specified  by  the  vehicle  manufacturer  for  a 
generator  check.  Slowly  rotate  the  field  control 
clockwise  while  observing  both  the  imincter  and 
the  voltmeter,  and  note  the  voltage  indicated 
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just  as  the  ammeter  pointer  begins  moving.  This 
is  the  closing  voltage  of  the  reverse  current  relay. 
Refer  to  manufacturer's  specifications  to  deter- 
mine if  this  reading  is  within  limits.  Continue  to 
rotate  the  field  control  clockwise  until  about  a 
10-ampere  charge  rate  is  indicated;  then  slowly 
rotate  the  field  control  counterclockwise  while 
watching  the  ammeter  for  the  higljest  indication 
to  the  left  of  zero.  This  is  the  amount  of  reverse 
current  required  to  open  the  relay.  Again,  refer 
to  manufacturer's  specifications  to  determine  if 
this  reading  is  within  limits. 

The  closing  voltage  of  the  reverse  current 
relay  is  adjusted  by  changing  the  tension  on  the 
spring  holding  the  contacts  open.,  Increasing  the 
tension  increases  the  closing  voltage  require- 
ment; decreasing  the  spring  tension  decreases 
the  closing  vohage  requirement.  On  some  regu- 
lators, adjusting  screws  are  provided  for  this 
purpose;  on  others,  you  must  bend  the  bar  to 
which  the  spring  is  attached., 
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The  amount  of  reverse  current  required  to 
open  the  relay  is  adjusted  by  changing  the  airgap 
between  the  armature  and!  the  relay  coil. 
Normally,  the  ASE  should  not  disturb  the 
original  setting.  However,  if  it  is  necessary  to  do 
so  to  obtain  a  proper  reverse  current  adjustment, 
follow  the  manufacturer's  instructions  exactly  as 
given.  If  the  reverse  current  relay  is  not  adjusted 
properly,  the  current  and  voltage  regulators 
cannot  be  adjusted  satisfactorily. 

VOLTAGE  REGULATOR  TEST.-The  VAT 
connections  for  making  this  test  are  the  same  as 
previously  given  for  the  reverse  current  relay  test 
with  two  exceptions  (fig.  10-31).  The  field  con- 
trol lead  that  was  connected  to  ground  is  now 
connected  to  the  field  terminal  of  the  regulator, 
and  the  voltmeter  positive  lead  is  connected  to 
the  battery  terminal  of  the  regulator. 

With  the  VAT  connected  as  illustrated,  set  the 
load  control  knob -to  the  1/4-ohm  position,  and 
the  field  control  to  direct..  With  the  engine 


"1 


5 


BATTERY 


ERIC  - 


AS.886 

Figuri*  10-31.- Voltage  and  current  regulator  test.  / 
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Figura  10-32.-Vortag»  regutotor  test 


operating  at  1 ,500  rlpm,  rotate  the  field  control 
to  open  and  back  to  direct  to  cycle  the 
regulator.  The  voltage  now  indicated  by  the 
voltmeter  is  the  setting  of  the  voltage  regulator. 
Refer  to  the  manufacturer's  specifications  to 
determine  if  this  reading  is  within  limits. 
,  If  adjustments  are  necessary,  remember  that 
the  vpltage  regulator  must  always  be  set  above 
the  reverse  current  relay  closing  voltage;  other- 
wise, the  reverse  current  relay  will  never  close, 
since  the  voltage  regulator  will  hold  the  voltage 
below  the  value  required  to  operate  the  relay. 

Voltage  regulator  adjustments  are  made  in  the 
same  manner  as  those  for  the  reverse  current 
relay;  that  is,  by  adjusting  the  tension  of  the 
spring  attached  to  the  armature.  This  adjust- 
ment is  made  with  adjustment  screws  or  by 
'.^^nding  the  bars  to  which  the  spring  is  attached, 
as  appropriate.  However,  on  the  regulator  units. 


the  spring  holds  the  points  closed  instead  of 
open  as  on  the  reverse  current  relay.  Once,  an 
adjustment  has  been  made,  the  regulator  must 
be  cycled  as  previously  described  and  the  setting 
rechecked. 

CURRENT  REGULATOR  TEST.-With  the 
VAT  connected  as  shown  in  figure  10-31, 
operate  the  engine  at  1,500  rpm  and  rotate  the 
field  control  to  the  direct  position.  Turn  tiie 
load  control  knob  to  the  variable  load  position 
until  the  voltmeter  indicates  the  voltage  of  the 
system  being  checked;  6u  1 2,  or  24  volts.  The  in- 
dication now  provided  by  the  ammeter  is  (he 
setting  of  the  current  regulator.  Refer  to  the 
manufacturer's  specifications  to  determine  if 
this  reading  is  within  limits. 

Adjustments  of  the  current  regulator  are. 
made  in  the  same  manner  as  those  previously, 
described  for  the  voltage  regulator. 
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Regulators  for  A-C  Generatois  S 

There  are  a  variety  of  types  of  a-c  regulators 
in  use  on  automotive  vehicles,  and  check  and 
adjustment  procedures  vaiy  from  type  to  type. 

The  test  procedures  presented  here  are  for 
representative  units  and  are  riot  to  be  used'  in 
lieu  of  those  given  in  the  applicable  maintenance 
instructions  manuals  for  any  specific  equipment. 

When^  servicing  the  a-c  charging  circuit,  the 
followipg  precautions  must  be  observed: 

1.  Insure  that  the  polarity  of  the  system 
being  serviced  is  known  so  that  the  battery  is 


connected  properly,  because  reversed  battery 
polarity  will  damage  rectifiers  and  regulators. 

2.  When  using  booster  batteries  for  starting  a 
vehicle,  insure  that  they  are  connected  properly 
to  the  vehicle  battery;  that  is,  negative  cable 
from  booster  battery  to  negative  terminal  on 
vehicle  battery,  and  po^sUive  booster  cable  to 
positive  terminal.  Failure  to  do  this  will  result  in 
damage  to  the  rectifiers  and  regulators. 

3;  Unless  the  system  includes  a  load  relay, 
grounding  the  alternator  output  terminal  will 
damage  the  alternator  and/or  circuits.  This  is 
true  even  when  the  system  is  not  in  operation, 
because  no  circuit  breaker  is  used  and  the 
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Figure  10-3$.-Testin9  field  coils  for  grounds. 

batteiy  is  connected  to  the  alternator  output 
terminal  at  all  times.  The  field  or  load  relay  acts 
as  a  circuit  breaker  in  that  it  is  controlled  by  the 
igniMon  switch. 

4.  Insure  that  you  do  not  short  the  adjusting 
tool  to  the  regulator  base  when  making  adjust- 
ments to  the  voltage  regulator.  To  do  so  may 
result  in  damage  to  the  regulator.  The  tool 
should  be  insulated  by  taping  or  by  fitting  with 
a  plastic  sleeve. 

ERIC  .  w  - 


Figure  10-36.-Meeiuring  oomiTHitator  out-of-round. 

5.  When  charging  a  vehicle  battery  with  a  fast 
charger,  insure  that  the  vehicle  battery  cables  are 
disconnected  unless  the  fast  charger  is  equipped 
with  a  special  alternator  protector,  in  which  case 
the  vehicle  battery  cables  need  not  be  discon- 
nected. Also,  the  fast  charger  should  never  be 
used  to  start  a  vehicle,  as  damage  to  rectifiers 
will  result. 

0.  Insure  that  the  alternator  belt  is  adjusted 
to  the  proper  tension. 

7.  To  prevent  damage  to  the  system,  the 
ignition  switch  should  be  OFF  and  the  battery 
ground  cable  disconnected  before  making  any 
test  connections. 

8.  The  vehicle  battery  must  be  fully  charged 
or  a  fully  charged  battery  should  be  installed  for 
accurate  test  purposes. 

9.  Do  not  attempt  to  polarize  an  a-c  gen- 
erator. Any  attempt  to  do  so  will  damage  the 
generator  and  the  regulator. 

V I B  R  ATI  NG-CONTACT  REGULATOR.- 
Refer  to  figure  10-32.  With  the  system  warmed 
up  as  outlined  under  d-c  regulators,  and  the 
VAT  controls  set  as  outlined  unaei  d-c  regu- 
lators, remove  the  cable  from  the  battery  posi- 
tive post  and  connect  a  switching  device  to  the 
battery  post  which  will  allow  the  circuit  to  ba 
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opened  between  the  battery  and  the  alternator 
battery  terminal  Connect  the  battery's  positive 
c^ble  to  the  opposite  side  of  th'e  switching 
device.  This  switching  device  will  be  open /luring 

the  following  tests.  ,   .  .t. 

Conneqt  the  .voltmeter  positive  lead  to  the 
battery  terminal  of  the  adtemator,  and  the 
negative  lead  to  a  good  ground.  Connect  the 
negative  lead  of  the  ammeter- to  the  battery 
cable  on  the  switching  device,  and  the  positive 
lead  of  the  ammeter  to  the  battery  positive  post. 

Adjust  engine  speed  to  1,500  rpm  and  operate 
for  at  least  1*5  minutes  to  stabilize  system 
temperature.  Cycle  the  system  by  bringing  the 
engine  back  to  idle,  stopping,  and  restarting  the 
engine.  Adjust  speed  to  2,500  rpm  and  rotate 
the  load  control  knob  to  the  variable  load 
position  until  the  ammeter  indicates  about  15 
amperes.  The  indication  provided  by  the  volt- 
meter is  the  voltage  setting  of  the  scries  (lower) 
contacts.  Rotate  the  load  control  to  the  Vi- 
ohm  position  and  again  check  the  voltmeter. 
The  indication  on  the  voltmeter  is  the  voltage 
setting  of  the  shorting  (upper)  contacts.  Refer  to 
the  manufacturer's  specifications  to  determine  if 
these  readings  are  within  limits.  Bring  the  load 
control  back  to  direct  and  the  engine  back  to 
idle. 


If  adjustments  are  necessary,  they  are  made  in 
the  same  manner  as  for  a  d-c  regulator-changing 
spring  tension  by  adjustment  screws  or  by 
bending  spring  attachment  bars. 

TRANSISTORIZED  REGULATOR.-This 
type  regulator  is  tested  and  adjusted  the  same  as 
the  vibrating  contact  just  described. 

TRANSISTOR-  REGULATOR, -With  the 
VAT  connected  as  shown  in  figure  10-32,  adjust 
engine  rpm  to  1,500  and  operate  for  at  least  IS 
minutes  to  stabilize  system  temperature.  Rotate 
the  load  control  knob  tb  the  direct  position.  The 
voltmeter  now  indicates  they  setting  of  the 
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Flour*  10-39*-Und«wttlng  oommutitor  mica 
FHNre  1<K37.-Turiijng  down  a  oommutator.  ^  hacksaw  Mada. 

265 


 AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 

"  c  ■  :  


ARMATURE 


UNDERCUTTING  UNDERCUTTING 


Figurt  KMO.-Example  of  good  and  poor  mica  undercutting. 


AS.300 


voltage  regulator.  Refer  to  the  manufacturer's 
specifications  to  determine  if  thij  reading  is 
within  limits. 

"  If  adjustment  is  necessary,  remove  the  pipe 
plug  on  the  front  of  the  unit  to  gain  access  to 
the  voltage  adjustment  screw. 

GEN^TOR  REPAIR  AND  CHECK 

If  the  generator  output  voltage  and/or  current 
specified  by  the  manufacturer  cannot  be  ob- 
tained from  the  generator  when  performing  the 
tests  for-  regulators,  the  generator  must  be 
removed  from  the  vehicle  for  disassembly,  test, 
and  repair. 

D-C  Generators 

D-c  generators  (fig.  10-33)  consist  of  four 
main  subassemblies  or  components;  the  frame 


and  field  assembly,  the  armature,  the  com- 
mutator end  head  assembly,  and  the  drive  end 
head.  The  frame  and  field  assembly  is  composed 
of  the  pole  shoe,  the  field  coils,  and  the  frame 
which  supports  the  remaining  main  components 
of  the  generator.  The  field  coils  supply  the 
magnetic  field  which  is  necessary  to  generate 
electricity.  The  pole  shoes  and  frame  supply  the 
path  for  the  magnetic  field.  The  armature 
consists  of  a  laminated  iron  core  fixed  to  a  shaft, 
and  the  copper  windings'  which  are  wound  in 
slots  in  the  core.  The  ends  of  these  windings  are 
connected  to  the  commutator,  which  consists  of 
a  number  of  copper  segments  that  are  insulated 
from  each  other  and  from  the  core  and  shaft. 

The  commutator  end  head  is  a  crist-iron  head 
that  closes  one  end  of  the  frame  and  supports 
one  of  the  armattire  bearings.  The  commutator 
end  head  also  supports  the  brush  holders  and 
brushes  that  contact  the  commutator  and  carry 


ERIC 


266 


Chapter  10  -  AUTOMOTIVE  ELECTRICAL  SYSTEMS 

 !  —  ^ — ^  


the  electricity  from  the  revolving  armature.  The 
drive  end  head  closes  the  drive  end  of  the  frame 
and  also  supports  a  bearing  for  the  armature 
shaft, 

D-c  generators  vary  in  design  because  of  the 
different  electrical  and  mechanical  char- 
acteristics^ desired  for  particular  installations. 
The  size,  type  of  mounting,  type  of  drive,  or  the 
voltage  and  current  output  differ,  but  all  d-c 
-  generators  include  the  four  components  just 
described.; 

Automotive  generators  are  disassembled  only 
when  major  repairs  are  to  be  made.;  Other  than 
cleaning  commutators  and  replacing  worn  , 
brushes  during  periodic  maintenance  checks  on 
the  vehicle,  automotive  generators  need  few 
major  repairs  during  ^tiormal  service  life.  How- 
ever, if  neglected,  generators  will  develop 
troubles  that  cannot  be  remedied  in  the  field.  In 
this  case,  the  generator  must  be  removed  from 
the  vehicle  and  taken  to  the  shop  for  repair^^ 
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f  igyr«  1041. -Testing  armature  for  short  circuits. 


DISASSEMBLY.-Disassembling  the  d-c  gen- 
erator at  other  than  major  overhaul  bases  is 
generally  limited  to  removing  the  commutator 
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Figure  10*42.-Testing  armature  for  grounds. 
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Figure  1043.-Testing  armature  windings  for 
open  circuits. 
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end  head  assembly  and  drive  end  head  so  that 
the  armature  and  bearings  can  be  removed  for 
testing  and  inspection.  The  field  coils  are  not 
generally  removed  from  the  frame  .The  coils  are 
tested  in  the  frame,  and  if  found  defective,  the 
field  coil  and  frame  assembly  is  replaced  as  a 
unit. 

Although  d-c  generators  differ  in  size,  number 
and  arrangement  of  brushes,  and  other  con- 
struction details,  disassembling  them  requires 
practically  the  same  procedures  for  all.  Once  the 
ASE  has  disassembled  one  kind  of  d-c  generator, 
the  disassembly  of  others  will  follow  almost  ;he 
same  pattern.. 

After  removing  the  cover  band,  carefully 
examine  the  generator.  Study  the  brush  arrange- 
ment to  obtain  a  mental  picture  of  the  brush 
lead  connections.  Make  a  sketch  to  aid  in  the 
replacement  of  wires.  Most  generators  have 
marks,  either  scratched  or  center-punched,  on 
the  adjacent  edges  of  the  frame  assembly  and 
ehd  heads  to  help  in  alining  these  parts  during 
assembly,.  If  these  marks  are  not  clearly  dis-^ 
cemible,  make  new  marks. 
.  Place  the  generator  on  end  when  removing  the 
end  heads  as  the  bearings  that  center  the 
armature  are  attached  to,  these  heads.  This 
prevents  possible  damage  from  the  heavy  arma- 
ture dropping  down  on  the  field  coils.  Also, 
disconnect  the  field  coil  leads  from  the  brush 
•  assembly  before  the  brush  end  of  the  generator 
is  removed.  In  most  cases  the  brush-JnJiairsan^ 
brushes  come  away  from  the  commutator  end 
head.  When  removing  the  end  head,  be  sure  that 
the  brushes  have  been  taken  from  the  holders  so 
they  are  ndt  damaged  in  sliding  off  the  com- 
mutator. Never  remove  the  brushes  from  the 
holders  by  pulling  on  the  pigtails  without  first 
easing  the  spring  tension  against  the  brushes. 

Ti:STING  FIELD  COILS.  -As  mentioned  pre- 
viously, it  is  not  necessary  to  remove  field  coils 
from  the  frame  to  test  them.  However,  the 
grounded  end^  must  be  disconnected  from  the 
frame. 

'  Tests  for  grounds,  shorts,  and  open  circuits  in 
field  coDs  can  be  made  with  an  ohmmeter.  The 
ohmmeter,  when  connected  to  the  field  coil 
ends,  will  m'^asure  the  actual  resistance  of  the 
coil.  If  the  specified  resistance  of  a  field  coil  is 
given  in  the  manufacturer's  manual-also  ob- 


tained by  measuring  a  new  coil-values  obtained 
through  tests  can  be  compared.  For  example,  a 
short-circuited  field  coil  would  have  practically 
no  resistance  and  the  ohmmeter  would  indicate 
near  zero.  The  ohmmeter  would  indicate 
excessively  high  resistance  in  a  coil  having  an 
open  circuit.  By  following  the  manufacturer's 
instructions  in  using  the  ohmmeter,  field  coil 
tests  can  be  made  quickly  and  accurate^. 

A  test  lamp  circuit  (fig.  10-34)  can  also  be 
used  to  test  the  generator  field.  Place  one  point 
of  the  test  lamp  circuit  on  the  field  terminal  end 
of  the  coils  and  the  other  point  on  the  grounded 
end..  If  the  lamp  lights,  the  field  circuit  is 
complete.  Because  of  the  resistance  in  the  field 
coil  wire,  it  should  not  bum  with  normal 
brilliancy.  Normal  brilliancy  of  the  test  lights 
bulb  indicates  a  possible  short  circi/ut  between 
the  coils  of  the  field.  If  the  light  djzfes  not  bum, 
the  field  winding  is  open. 

A  grounded  field  coil  can  be  fdund  by  placing 
one  test  probe  on  the  field  terminal  stud  and  the 
other  on  the  generator  fram^^(fig.  10-35),  If  the 
test  lamp  lights,  the  field ^s  grounded.  The 
ground  may  be  caused  by  frayed  wire^  at  the 
coil  ends.  In  most  cases,/ grounds  and  open 
circuits  in  field  coils  cannot  be  satisfactorily 
repaired  and  the  defective  field  coil  is  replaced, 
ARMATURE  TEST  AND  REPAIR.-The 
armature  must  be  cleaned  before  it  is  inspected, 
vJ)o  not  allow  cleaning  fluid  to  soak  into  the 
armature  windings.  Use  low-pressure  compressed 
air  to  blow  off  all  loose  dirt,  then  use  a  cloth 
dampened  in  an  approved  cleaning  fluid  to  wipe 
off  the  armature,. 

Inspect  the  commutator  riser  bar  connections, 
for  signs  of  melted  solder  and  loosened  con-  \ 
nections.  Small  specks  of  melted  solder  indicate 
that  the  generator  has  been  overheated  from 
operating  at  an  overioad.  To  eliminate  a  possible 
breakdown  in  the  future,  armatures  found  in 
this  cond;ition  should  not  be  rea^embled  with 
the  generator,.  Commutator  riser  bar  connections 
loosened  from  handling  or  for  other  reasons, 
except  overheating,  can  be  soldered.  Always  use 
rosin  flux  in  soldering  electrical  ccrnections. 
Never  use  an  acid  fli;ix  as  it  promotes  corrosion. 
Check  pommutator  out-of-round  by  placing 
the  armature  in  V-blocks  and  using  a  dial 
indicator  as  shown  in  figure  10-36.  If  runout 
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exceeds  0,001  of  an  inch,  or  if  the  commutator 
is  rough  or  has  mica  insulation  sticking  up 
between  segments,  the  commutator  must  be 
turned  down. 

When  it  becomes  necessary  to  turn  down  the 
commutator,  mount  the  armature  in  a  lathe, 
preferably  on  the  armature  shaft  bearing  seats.  If 
that  is  impossible,  the  armature  may  be 
mounted  in  the  lathe  on  the  armature  shaft 
centers.  In  turning  down  a  commutator,  position 
the  cutting  tool  on  a  90^  single  with  the 
commutator  and  approximately  one-thirty 
second  of  an  inch  below  the  centerline  of  the 
armature  shaft.  (See  fig,  10-37.) 

When  turning  down  the  commutator,  take 
small  cuts  and  do  not  remove  any  more  material 
than  is  necessary.  If  it  is  necessary  to  turn  the 
"(Tommutator  down  so  much  that  the  ends  of  the 
commutator  segments  are  less  than  one^ix- 
teenth  of  an  inch  thick,  discard  the  armature. 
When  the  ends  of  the  segments  are  less  than 
one-sixteenth  of  an  inch,  the  commutator  bars 
become  so  thin  that  they  do  not  have  sufficient 
strength  to  retain  their  shape; 

After  cutting  the  commutator,  use  0000 
sandpaper  to  smooth  off  any  burrs  that  may  be 
left;  then  undercut  the  mica  one-thirty  second 
of  an  inch.  Mica  can  be  undercut  by  using  a 
machine  made  especially  for  that  purpose  (fig. 
10-38),  If  a  mica  undercutter  is  not  available, 
use  handtools  and  cut  the  mica  as  shown  in 
figure  10-39. 

Use  care  in  undercutting  mica  so  as  not  to 
widen  the  commutator  slots  by  removing  metal 
from  the  bars.  Figure  10-40  shows  examples  of 
good  and  poor  undercutting. 

There  are  two  practical  tests  for  locating 
shorts,  opens,  and  grounds  iu  armatures-the 
growler  test  and  the  bar-to-bar  test.. 

To  test  for  short  circuits,  place  the  armature 
on  the  V-block  of  the  growler  and  apply  power. 
With  a  thin  metal  strip  (hacksaw  blade  is  good) 
held  over  the  core,  rotate  the  armature  slowly 
through  a  complete  revolution,.  If  a  short  is 
present,  th;;  steel  strip  will  become  magnetized 
and  vibrate.  To  determijie  whether  the  short  is 
in  the  armature  windings  or  the  commutator, 
clean  between  the  commutator  segments  and 
repeat  the  test.  Should  the  thin  metal  strip  still 
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vibrate,  the  armature  is  short  circuited  internally 
a^id  must  be  replaced.. 

Not  all  armatures  can  tTe  tested  for  short 
circuits  by  the  riteel  strip  method  because,  on 
some  armatures,  short  circuits  will  be  indicated 
by  excessive  vibration  of  the  sawblade  all  around 
the  armature  during  the  test.  With  these  arma-" 
tures,  test  ^  for  short  circuits  by  using  the 
milliampere  con|flx:ts  on  a^a-c  milliammeter  aS 
showr^  in  figure  10-41.  In  doing  so,  keep  the 
armature  stationary  in  the  V-block  and  move  the 
contacts  around  the  commutator  on  adjacent 
bars  (segments)  until  the  highest  reading  is 
obtained.  Then  turn  the  armature. to  bring  each 
pair  of  segments  under  the  contacts  and  read  the 
milliammeter  at  the  same  time.  The  readings 
should  be  nearly  the  same  for  each  pair  of 
adjacent  bars.  If  a  winding  is  short  circuited,  the 
milliammeter  reading  will  drop  almost  to  zero. 

Test  the  armature  for  grounds  by  using  the 
test  light  circuit  which  is  a  part  of  most  modern 
growlers.  (See  fig,  10-42.)  Place  the  armature  oxi- 
the  V-block  and  touch  one  of  the  test  pr9bfsto 
the  armature  iron  core.  Touch  the  oth^  probe 
to  each  commutator  segment  risefm.  turn.  Jf  a 
winding  is  grounded,  the^Hfui  the  base  of  the 
growler  will  light.:  In -contacting  armature  sur- 
faces with  the  test  probes,  do  not  touch  bearing 
or  commutator  brush  surfaces  because  the  arc 
will  bum  or  pit  the  smooth  finish.  Replace  the 
armature  if  it  is  grounded.- 

In  testing  individual  armature  windings  for 
open  circuits,  use  the  test  probes  as  shown  in 
figure  10-43.  Place  them  on  the  riser  part  of 
adjacent  commutator  bars,  not  on  the  brush 
surfaces.  If  the  test  lamp  does  not  light,  there  is 
a  break  somewhere  in  .the  winding.  Repeat  this 
test  on  every  pair  of  adjacent  bars.  Do  this  by 
moving  the  probes  from  bar  to  bar.  Should  you 
find  an  open  winding,  the  fault  may  be  at  the 
commutator  connectors  where  it  is  possible  to 
make  repairs.  If  a  winding  is  open  circijjited 
internally,  the  armature  should  be  discarded, 
/check  before  generator  re- 
assembly.--Before  reassembling  the  gen- 
erator, inspect  the  bearings  and  bushings.  If  they 
are  worn  considerably,  replace  them  or  service 
them  according  to  manufacturer^  instructions. 
Clean  the  bearings  by  revolving  them  in  cleaning 
fluid  until  all  grease  and  dirt  are  removed. 
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Figure  10*44. -Measuring  brush  spring  tension. 

Remove  ihe  cleaner  with  low-pressure  com- 
pressed Ki\  Do  not  spin  the  bearings  with  the  air 
as  the  high  turning  spee  J  may  damage  them:  and 
if  blown  from  your  hand,  the  spinning  bearing 
may  injure  personnel  working  near  you.  After 
cleaniiig  the  bearings,  repack  them  with  the 
grease  recommended  by  the  manufacturer,  not 
ordinarv  cup  grease  or  chassis  lubricant. 

Repi»;,e  any  detective  insulator,  screw, 
washer,  wire  lead,  stud,  or  similar  small  part. 
While  inspecting  the  field  coils  or  armature 
before  testing  them,  rewrap  or  apply  insulating 
shellac  to  chafed  or  bare  wires.  If  i>  coil  is  to  be 
revvrapped,  see  that  the  coil  does  not  extend 
beyond  its  original  position  so  that  the  rotating 
armatu^-e  can  strike  il. 

ASSEiV^BUNG  THE  GENERATOR.-Re- 
assembly  of  a  generator  is  the  reverse  of  dis- 
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Figure  10-45.- View  of  an  a-c  generator  slip 
ring  end  frame  assembly.. 

assembly  and  no  J^-ouble  should  Be  encountered. 
Replace  all  worn  or  bmken  parts  and  assemble 
the  generator  end  f/aiiies  so  that  they  line  up 
with  the  field  fiame  assembly.  Install  new 
brushes  and  seat  them.  Check  the  generator 
brush  spring  tension. 

Brush  spring  tension  is  measured  with  a  scale 
and  hook,  as  shown  in  figure  10-44.  This  tension 
will  vary  between  15  and  60- ounces,  depending 
on  the  generator..  Consult  the  manufacturer's 
specifications  for  the  proper  brush  spring 
tension  to  use.  If  tested  spring  or  springs  do  not 
meet  specifications,  they  must  be  replaced  be- 
cause the  tension  of  a  brush  spring  cannot  be 
satisfactorily  adjusted.: 

POLARIZING.-The  generator's  initial  build- 
up of  >  I'tage  comes  from  the  residual  mag- 
netism ill  the  pole  shoes  of  the  field  coils.  The 
direction  of  the  last  current  to  flow  through  the 
field  windings  determines  the  generator  polarity.. 
In  testing  field  coils  with  a  test  lamp,  or  in 
making  improper  connections  during  the  instal- 
lation or  Jesting  of  the  generator  on  the  vehicle, 
the  generator  polarity  can  be  reversed.  The 
gener  itor  will  build  up  voltage  that  will  caus^ 
current  to  flow  in  either  direction,  depending  on 
the  polarity  of  the  residual  magnetism  in  the 
pole  shoes.  The  generator  polarity  must  be  the 
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same  as  the  battery  pohmty  in  order  to  have 
current  flow  in  the  proper  direction  to  charge 
the  battery.  After  the  generator  has  been  re- 
paired and  installed,  or  when  a  generator  has 
been  disconnected,  it  mnst  be  polan/ed  prior  to 
starting  the  engine. 

Generators  using  an  "A''  (externally 
grounded)  circuit  are  polarized  by  momentarily 
shorting  a  jumper  lead  between  the  battery 
terminal  and  the  armature  terminal  of  the 
regulator.: 

Generators  using  a  *'B"  (internally  grounded) 
circuit  are  polarized  by  disconnectmg  the  field 
lead  at  the  regulator  and  momentarily  touching 
this  lead  to  the  battery  terminal  of  the  regulator. 

A-C  Generators 

The  a-c  generator  (alternator)  shown  m  figure 
10-12  consists  of  four  main  subassemblies  or 
components  -th^  slip  ring  end  frame  assembly, 
the  stator  assem.bly,  the  rotor  assembly,  and  the 
drive  end  frame.  The  slip  ring  end  frame 
assembly  (fig'  10-45)  is  composed  of  the  rear 
rotor  shaft  bearing,  the  diode  rectifiers  and  heat 
sink,  the  brushes  and  brush  holder,  and  a 
capacitor  to  limit  voltage  surges  across  the 
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Figure  10«46.-Testing  the  rotor  for  girounds, 
'  ,  ^orts,  and  opens.    ,  / 
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diodes.  The  stator  assembly  (fig.10-12)  is  com- 
posed of  a  laminated  iron  frame  and  has  the 
windings  for  the  three  phases  wound  through 
and  around  it.  The  rotor  a  embly  (fig.  10-13)  is 
composed  of  the  slip  rings,  the  field  windings, 
the  rotor  shaft,  and  two  rotor  segments.  The 
drive  end  frame  mounts  the  front  rotor  shaft 
bearing  and  provides  lugs  for  mounting  the 
alternator  to  an  engine  and  for  adjusting  drive 
belt  ttjnsion., 

QISASSEMBLY.  -  Scribe  a  line  across  the  area 
where  the  drive  end  frame,  stator  assembly,  and 
slip  ring  end  frame  join,  to  aid  in  replacing  these 
components  in  their  original  position  during 
reassembly. 

Remove  the  thru-bolts  and  Separate  the  drive 
end  frame  and  rotor  assembly  jfrom  the  stator' 
assembly  by  inserting  a  flat  tool  in  the  stator 
frame  slot.  The  separation  is  made  between  the 
stator  frame  and  the  drive  end  frame  because  the 
stator  winding*:  are  connected  to  the  diodes  in 
the  slip  ring  end  frame  assei^bly.  Once  the  drive 
end  frame  and  the  rotor  assembly  are  removed, 
tape  the  slip  ring  end  frame  assembly  rotor  shaft 
bearing  to  prevent  entry  of  dirt,  and  also  tape 
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Figure  10-4?.-Te$ting  the  stator  for  opens 
and  grounds. 
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Figure  10-49.-Testing  diodes  with  a  test  lamp. 


the  bearing  area  of  the  rotor  shaft  on  the  slip 
ling  end.  Place  the  rotor  assembly  in  a  soft- 
jawed  vise  and  tighten  just  enough  to  allow 
removal  of  the  drive  pulley  retaining  nut.  Re- 
move the  pulley,  fan,  and  collar  and  then 
separate  the  drive  end  frame  from  the  rotor 
assembly..  Remove  the  three  stator  lead  attach- 
ing nuts  froin  the  diodes  and  remove  the  stator 
assembly  from  the  slip  ring  end  frame  assembly. 

No  further  disassembly  is  required  in  order 
for  the  ASE  to  make  electrical  tests  on  the  four 
major  subasisemblies  and  their  components. 

TESTINO  the  ROTOR,-The  rotor  is  tested 
for  grounds,  shorts,  and  opens.  To  test  for 
grounds,  connect  a  test  lamp  or  an  ohmmeter 
from  either  slip  ring  to  the  rotor  shaft  (fig. 
10-46).  A  low  ohmmeter  reading  or  lighting  of 
the  test  lamp  indi  ates  that  the  rotor  winding  is 
grounded.  To  test  the  rotor  winding  for  opens 

id  shorts,  connect  an  ohmmeter  or  a  test  lamp 
to  both  slip  rings  as  shown  in  figure  (10-46.)  An 
ohmmeter  reading  below  the  specified  resistance 
value  indicates  a  short,  whereas  a  reading  above 
the  specified  value,  indicates  an  open.  If  the  test 
lamp  docM  not  light  when  connected  to  both  slip 
rings,  the  winding  is  open. 

TESTING  THE  STATOR.-The  stator  wind- 
ings are  tested  for  opehs  and  grounds  after  the 
stator  has  been  removed  from  the  slip  ring  end 
frame  assembly.  If  the  ohmmeter  reding  is  low 
or  if  the  test  lamp  lights  when  connected 
between  each  pair  of  stator  leads  (fig.  10-47), 
the  stator  winding  is  electrically  good.  A  high 
ohmmeter  reading  or  failure  of  the  test  lamp  to 
light  when  connected  between  any  two  of  the 
stator  leads  indicates  an  open  winding.  A  low 
ohmmeter  readinjr  or  lighting  of  the  test  light 
.  when  connected  between  any  of  the  stator  leads 
and  the  stator  frame  indicates  a  grounded 
winding.  It  is  not  practical  to  test  the  stator 
windings  for  shorts  because  of  the  very  low 
resistance  of  the  windings.  However,  if  all  other 
test  results  are  within  specifications  an,d  the 
generator  will  not  produce  rated  output,  shorted 
stator  windings  are  indicated. 

TESTING  THE  DIODES.-With  the  stator 
windings  disconnected,  each  diod!e  may  be 
tested  with  an  ohmmeter  by  connecting  one  test 
lead  to  the  diode  lead,  and  the  other  ohmmeter 
lead  lo  the  diode  case,- as  shown  in  figure  1C48. 
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Note  the  reading.  Then  reverse  the  ohmmeter 
leads  to  the  diode  and  again  note  the  reading.  If 
both  readings  are  very  low  or  very  high,  the 
diode  is  defective,  A  good  diode  will  give  one 
low  and  one  high  reading.  An  alternate  method 
of  testing  each  diode  is  to  use  a  test  lamp  with  a 
battery  having  a  voltage  no  greater  than  that  of 
the  system  being-tested.  Connect  one  of  the  test 
leads  'o  the  diode  lead,  and  the  other  test  lead 
to  the  diode  case,  as  shown  in  figure  10-49. 
Then  reverse  the  lead  connections.  If  the  lamp 
lights  in  both  checks,  the  diode  is  defective.  Or, 
if  the  lamp  fails  to  light  in  either  direction,  the 
diode  is  defective.  When  checking  a  good  diode, 
the  la  ,  will  light  in  only  one  of  the  two 
checks 

DIODE  REPLACEMENT.-Use  the  manufac- 
turer's specified  tools,  if  available,  and  a  press 
or  vise  to  remove  and  install  the  diodes  as  shown 
in  figures  10-50  and  10-51.:  If  the  manufacturer's 
tools  are  not  available,  suitable  substitutes  may 
be  used,  but  particular  care  must  pt  exercised  to 
prevent  damage  to  the  diodes  or  the  slip  ring  end 
frame  assembly. 

CAUTION;  Do  not  strike  any  of  the  diodes 


AS.894 

Figure  10-50.— Removing  diodes. 

while  removing  or  installing,  as  -the  shock  may 


cause  damage  to  the  diode  beitig  removed  or 
installed  as  well  as  to  others  already  installed. 

Once  all  the  diodes  are  installed,  test  inem  as 
previously  descnbed  before  assembling  the  gen- 
erator to  insure  that  they  are^till  in  satisfactory 
condition.  / 

SLIP  RING  SERVICING.  -  If  the  slip  rings  are 
dirty,  they  may  be  cleaned  and  finished  with 
400  grit  or  finer  polishing  paper,  or  with  crocus 
cloth.  Spin  the  rotor,  in  lathe  if  possible,  and 
hold /tne  polishing  material  against  the  slip  rings 
until  they  are  clean. 

CAUTION:  The  rotor  must  be  rotated  so  that 
the  slip  rings  are  cleaned  evenly.  Cleaning  by 
hand  without  spinning  the  rotor  will  result  in 
flat  spots  which  will  cause  excessive  brush  wear 
and  noise.  Slip  rings  which  are  out  of  round,  or 
very  rough,  must  be  turned  in  a  lathe,  using  the 
same  procedure  as  previously  described  for  d-c 
generator  armatures., 

BEARING  REPLACEMENT  AND  LUBRI- 
CATION.-Rtmove  the  bearing  retainer  plate 
and  oil  seal  assembly  and,  usmg  suitable, 
adapters,  press  the  bearing  from  the  drive  end 


273, 


AVIATION  SUPPORT  HQUIPMKNT  TECHNIC  IAN  E3  &  2 


AS.895 


Fic|UteJliUil.-lnstatUng  diodes^ 


frame.  Clean  the  bearing  using  an  approved 
cleaning  solvent,  and  dry  with  low  pressure 
compressed  air. 

CAUTION:  Do  not  allow  the  air  to  spin  the., 
bearing-this  results  in  rapid  wear  of  the  bearing 
because  it  has  no  lubrication. 

Inspect  the  bearing.  If  it  is  in  satisfactory* 
condition,  it  may  be  reused.  However,  if  while 
turning  the  bearing  b  '  hand  any  rough  spots  or 
excessively  worn  bails  are  found,  it  must  be 
replaced.,  !f  the  bearing  is  to  be  reused,  fill  it 
one-quarter  full  with  special  grade  ball  bearing 
grease  and  reinstall  it  in  the  drive  end  ,frame..  If 
the  bearing  retainer  plate  felt  oil  seal  is  harSened 
or  excessively  worn,  the  retainer  plate  and  seal 
assembly  should  be  replaced. 

The  bearing  in  the  slip  ring  end  frame 
assembly  must  be  replaced  if  its  grease  supply  is 
exhausted.  No  attempt  should  be  made  to 
relubricate  a. id  reuse  this  bearing. 

To  replace  this  bearing,  press  the  old  one  out 
of  the  slip  ring  end  frame  by  using  a  tube  or 


collar  the  same  diameter  as  the  outside  of  the 
bearing.  Press  from  the  outside  while  supporting 
the  inside  with  a  hollow  cylinder  ,o  prevent 
breakage  of  the  slip  ring  en4  frame.  Install  the 
new  bearing  by  placing  a  flat  plate  ov^r  the 
bearing  and  pressing  it  in  from  the  outside  until 
the  bearing  is  flush  v/ith  the  outside  of/the  slip 
ring  end  frame.  Support  the  inside  with  a  hollow* 
cylinder  to  prevent  breakagiLoLthe  slij^  ring  end 


frame., 

ASSEMBLY.- Reassembly  is  es  ;ntially  the 
reverse  of  the  disassembly  procedure  giyen  in  the 
preceding  section..  However,  there  are  a  few 
points  to  remember:, 

1 .  :  When  assembling  the  drive  belt  pulley  to 
the  rotor  shaft,  secure  the  lOtcr  in  a  vise  only 
tight  enough  to  tighten  the  nut  to  the  torque 
specified  by  the  manufacturer.. 

2.  Insure  that  the  bearing  areas  of  the  rotor 
shaft  are  free  of  dirt  or  grin^.e. 

3.,  When  installing  brushes,  exercise  care  to 
prevent  chipping  or  other  damage  to  them. 
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Figure  10-52. -Electric  starter  system. 
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Figure  10-63.-S6ctionai  view  of  a  heavy-duty  starter.^ 
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STARTING  SYSTEMS 

The  major  components  of  an  o!'.*Ltrical  starter 
system  are  a  battery,  a  starter  motor,  a  switch 
for  controlling  the  starter,  a  drive  unit  to 
transmit  the  powe'-  of  the  starter  motor  to  the 
engine's  flywheel  ring  gear,  and  the  essential 
wiring. 

'Jhe  electric  starters  used  on  ground  support 
equipment  are  remotely  controlled  by  a  push- 
button switch  or  by  an  ignition  switch  having  a 
start  position.  An  electnc  starter  system  using  a 
remote  control  switch  is  shown  in  figure  10-52. 

Automotive  equipment  starters  also  incorpo- 
""rate,  as  a  part  of  the  drive  unit,  a  means  of 
preventing  the  starter  from  being  driven  by  the 
engine  once  the  engine  is  started  and  is  runring 
undc  its  own  power^ 

STARTING  MOTOR 

A  d'-c  starting  motor  changes  electrical  energy 
into  mechanical  energy.  In  a  motor,  a  current  is 
sent  through  the  armature  and  the  tleld:  the 
attraction  and  repulsion  between  the  magnetic 
poles  of  the  field  and  coil  alternately  push  and 
piif!  "  the  af mature  around..  This  rotation 
(mechanical  energy),  when  properly  connected 
to  the  flywheel  of  an  engine,  causes  the  engine 
to  rotate. 

Stal-ting  Motor  Construction 

Fjgure  10-53  is  a  sectional  view  of  a  heavy- 
duty  starter.  This  starter  employs  a  magnetic 
switch  to  control  the  starter,  a  reduction  gear 
driving  head,  and  a  Bendix  drive,:  These  units 
will  be  discussed  later  in  this  chapter,. 

Except  for  the  drive  end  and  control  mech- 
anism, the  general  construction  characteristics  of 
the  starter  motor  are  Mmilar  to  the  d-c  gen- 
erator,* 

The  connections  and  arrangements  of  the 
armature  coils  are  such  that  current  is  flowing  in 
all  the  coils  at  the  same  time  (series  wound). 
This  allows  each  coil  to  add  its  turning  effort  to 
the  others,  so  they  all  ^/ork  together  to  turn  the 
motor  armature.  ^ 

The  field  windings  are  used  to  increase  the 
strength  of  the  magnetic  field,  and  thereby 


increase  the  power  of  the  motor.:  The  field 
windings  are  connected  in  series  with  the 
brushes  and  armature  windings,  so  the  current 
that  flows  through  the  field  windings  also  flows 
through  the  armature  windings.  A  heavy  con- 
ductor is  used  in  both  the  fields  and  the 
armature  so  the  resistance  of  the  mii^tor  windings 
is  very  low..  This  permits  an  extremely  large 
current  to  flow,  so  that  the  motor  develops  high 
torque. 

Types  of  Starter  Drives 

A  starting  motor  makes  use  of  a  gear  reduc- 
tion to  transmit  its  cranking  power  to  the 
engine.:  The  method  most  commonly  used  to 
obtain  this  gear  reduction  is  the  use  of  a 
large-diameter  ring  gear  on  the  engine  flywheel 
and  a  pinion  gear  of  much  smaller  diameter  on 
the  starter  motor  armature  shaft,*  In  operation, 
the  pinion  engages  and  dti^s  the  ring  gear, 
thereby  turning  tbe  engine^  flywheel  and  the 
engine..  The  ratio  Detween  the  pinion  and  ring 
gear  will  be  different  on  engines  of  different  size 
and  horsepower,  but  will  usually  be  between 
10:1  and  1 6;>.-. Thus,  the  starter  motor  armature 
will  revolve'  10  to  16  times  for  every  one 
revolution  of  the  engine  flywheel.  When  the 
pinion  is  engaged  with  the  nng  gear,  the  starter 
motof  turns  2,000  to  3,000  rpm,  turning  the 
engine  at  speeds  up  to  300  rpm.  During  opera- 
tion, the  engijij^  may  reach  speeds  of  3,000  to 
4,000  rpm  and,  should  the  pinion  fail  to 
disengage  from  the  ring  gear  after  the  engine  is 
started,  the  starter  motor  could  be  rotated  by 
the  engine  at  speeds  up  to  64,000  rpm.  This  high 
speed  Nvould  throw-the  windings  from  the  slots 
in  the  armature  and  the  segments  from  the 
commutator.:  To  prevent  this,  various  methods 
ot  engaging  and  disengaging  the  pinion  with  the 
ring  gear  have  been  devised. 

BENDIX  DRIVE.-This  type  drive  (fig, 
10-54)  consists  of  a  pinion  and  sleeve  (shaft) 
assembly,  a  drive  spring,  and  a  drive  head.  The 
pinion,  counter^^eighted  on  one  side  and  having 
internal  spiral  threacls,  is  mounted  on  a  sleeve 
having  external  threads  that  match  those  of  the 
pinion..  The  sleeve  is  a  loose  fit  on  the  motor 
armature  shaft.  One  end  of  the  sleeve  is  bolted 
to  the  drive  spring  and  the  othe»  ond  of  the  drive 
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spring  is  bolted  to  the  drive  head.  The  dme  head 
is  keyed  and  bolted  to  the  armature ^aft  by  the 
shank  of  the  same  bolt  that  holfls  the  drive 
spring  to  the;  drive  head.  \ 

WHen  the^  starter  is  not  operating\he  pinion 
is  disengaged  and  away  from  the  ring  g^r.  When 
the  starter  motoL  is  energized,  the  armature 
immediately  starts  to  rotate  at  high  speed.  The 
pinion  does  not  rotate  immediately  with  the 
amiature  shaft  hut  trys  to  remain  stationary 
because  of  the  mertia  of  the  counterweight,  and 
nin^  along  the  revolving  threaded  sleeve  until  it 
meets  or  engages  the  ring  gear.  Should  the 
pinion  meet  but  hot  engage  the  ring  gear,  the 
drive  spring  is  compressed,  allowing  the  pinion 
to  turn  and  engage  the  ring  gear. -When  the 
pinion  and  ring  gear  are  engaged,  the  pinion  is 
driven  by  the  starter  motor,  through  the  drive 
spring,  and  ^ums  the  engine.  TI*e  drive  spring 
compresses  to  absorb  the  shock  of  initial  pinion 
engagement  and  cushions  the"^  starter  drive 
against  the  compression  of.  the  engine  as  the 
engine  is  being  turned.  When  the  engine  fires  and 
runs  on  its  own  power,  the  ring  gear  drives  tjje 
pinion  at  a  higher  speed  than  the  starter  motor 
and  the  pinion  runs  back  along  the  threaded 
sleeve  to  its  original,  disengaged  position.  There 
arc  several  other  versions  of  Bendix  drives  in  use, 
but  they  all  operate  on  the  same  principle  and 
have  essentially  the  same  construction. 

OVERRUNNING  CLUTCH.-The  overrun- 
ning clutch  drive  (fig.  10-55)  consists  of  a  shift 
collar,  a'  clutch  spring,  a  shell  and  sleeve  as- 
sembly, a  pinion,  a  clutch  rotor,  and.  a  set  of 
rollers.  The  shell  and  sleeve  assembly  has  inter- 
nal spline.s  and  is  a  loose  fit  on  the  external 
splines  of  the  starter  motor  armature  shaft.:  The 
rotor  is  connected  to  the  pinio.n  and  the  steel 
rollers  are  located  in  tapered  notches  in  the 

If  shell.  Springs  and  plungers  hold  the  rollers  in  the 
position  shown  in  figure  10-55. 

When  the  solenoid  is  energized,  the  drive  unit 
is  moved  along  the  armature  shaft  and  the 
pinion  engages  the  ring  gear.  Should  the  pinion 
meet  the  ring  gear  but  not  engage  it,  the  clutch 
spring  compresses,  allowing  the  solenoid  plunger 
to  continue  moving  to  clos^  the  contacts  and 
energize  the  starter  motor.  As  the  starter  motor 

*  starts  to  rotate,  the  pinion  turns  and  is  engaged 
with  the  ring  gear  by  the  action  of  the  clutch 
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Figure  10*64.-Bendix  drive  construction. 

spring  expanding.  The  rotor  is  now  stationary 
and,  as,  the  starter  motor  rotates  the  shell,  the 
rollers  are /forced  tightly  into  the  smalj  end  of 
the  taper^  notches  to  cause  the  she*^  and  rotor 
to  rotate/together  as  a  unit.  Because  tne  rotor  is 
connected  to  the  pinion,  the  engine  is  turned. 
After  the  engine  is  running,  the  ring  gear  drives 
the  pinion  at  a  higher  speed  than  that  of  the 
starter  motor  and  tends  to  work  the  rollers  back 
toward  the  large  end  of  the  tapered  notches,  and 
against  *th^  springs  and  plungers.  This  frees  the 
rotor  from  the  shell  and  the  pinion  overruns  the 
starter  moto:  armature  shaft,  preventing  the 
starter  motor  from  being  driven  by  the  engine 
even  though  the  pinion  is  still  engaged  with  the 
rihg  gear.  When  the  solenoid  is  deeneigized,  a 
spring  returns  the  drive  unit  back  to  its  original 
position,  disengaging  the  pinion  from  the  ring 
gear. 

GEAR  REDUCTION  DRIVEHEADS.-Gear 
reduction  driveheads  provide  a  gfeater  gear 
reduction  than  that  of  a  pinion  and  ring  gear  and 
are  used  in  co/ijunction  with  Bendix  drive  units 
on  heavy  duty  starters.  Starters  which  incorpo- 
rate this  added  gear  reduction  are  referred  to  as 
double  reduction  starters. 

Figure  10-53  illustrates  a  starter  with  a  gear 
reduction  drivehead.  The  gear  on  the  armature 
shaft  does  not  engage  directly  with  the  ring  gear, 
but  with  an  intermediate  gear  which  drives  the 
starter  pinion..  This  drive  permits  the  use  of  a 
small  starter  motor  running  ,  at  high  speeds  to 
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Figure  10-95.-Sol«noid  shift  startsr  and  ovarrurining  clutch  drive. 
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Figure  10-57.-Contfot  syitam  fcr  a  starter 
with  Bandix  drive. 

provide  additional  breakaway,  or  starting 
torque,  and  greater  cranking  power.  The  arma- 
ture of  a  starter  of  this  type  may  turn  as  many 
as  40  times  for  each  revolution  of  the  flywheel 
when  cranking  an  engine.; 

STARTER  MOTOR  CONTROLS 

Starter  motbr  controls  can  be  divided  into 
two  groups;  operating  and  safety »  The  operating 
controls  prbvic^e  the  operator  with  the  means  to 
start  the  vehicle's  engine,  while  the  safety 
controls  prevent  the  starter  from  being  operated 
when  a  situation  )sxists  whereby  damage  could 
pos5*l>ly  be  done  to  the  vehicle  or  the  starter. 

There  are  several  types  of  operating  and 
safety  control  devices  and  circuits  in  use,  but  the 
ones  disqitssed  in  thi:^  manual  are  those  most 


widely    useH    on   ground   support  equip- 
ment. 

NOTE:  The  discussions  presented  in  the 
following  sections  are  of  representative  control 
devices  and  circuits  and  do  not  apply  to  any 
specific  unit.,^ 

Openrting  Controls 

In  the  Navy  today,  all  starter  motor  control 
systems  on  ground  support  equipment  make  use 
of  electrically  operated  control  devices  and 
small-wire,  low-current,  remote-control  circuits 
which  eliminate  the  need  for  long  and  heavy 
battery  cables  to  be  run  to  the  operator's^^ 
compartment.  These  remote  control  circuits 
make  the  starter  system  easy  tt  operate,  because 
the  operator  has  only  to  close  a  switch  on  the 
control  panel  of  the  vehicle  in  order  to  energjze  / 
the  starter.,  ' 

SOLENOID.-On  starters  which  have  overrun- 
ning clutch  drives,  a  solenoid  is  used  to  shift  the 
pinion  into  engagement  with  the  ring  gear  (fig. 
10-55),  and, also  to  close  a  set  of  heavy  duty 
contacts  to  complete  the  circuit  from  the 
battery  to  the  starter  motor.  Mechanical  linkage  ' 
is  used  to  connect  the  solenoid  plunijer  to  the 
shift  lever  which  moves  the  pinion.  Remote 
control  of  the  solenoid  (fig,  10-56)  is  accom- 
plished by  a  low  current  control  circuit  using  a 
pushbutton  switch  o*-  an  ignition  switch  with  a 
start  position.  In  some  systems  a  relay  is  used  to 
control  current  flow  to  the  solenoid,  and  the 
remote  control  circuit  is  used  to  control  the 
relay.  When  the  control  circuit  to  the  solenoid  is 
completed,  a  path  for  current  flow  is  created 
through  both  the  pull-in  and  the  hold-in 
windings.  The  combined  magnetic  fields  of  these 
windings  guU  the  solenoid  olunger  in  so  that  the 
pinion  is  shifted  into  engagement  with  the  ring 
gear,  ^nd  the  heavy  duty  contacts  of  the 
solenoid  are  closed.  ,  * 

While,  different  size  wire  is  used  for  the  two 
windings,  th^y  both  have  approximately  the 
sam«»  number  of  turns.  The  heavy  pull-in 
winding  is  needed  to  pull  the  plunger  in,  but 
once  the  plunger  movement  is  completed,  the 
hold-in  winding  is  sufficient  to  hold  the  plunger 
in.  The  pull-in  winding  is  grounded  through  the 
very  heavy  winding  of  the  starter  motor.  Closing 
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the  solenoid  contacts  completes  the|  power 
Circuit  to  the  starter  motor' and,  at  same 
lime,  shorts  out  the  pull-in  winding. 

When  the  ignition/starter  switch  is  opened, 
current  flow  through  the  control  circuit  stops, 
and  the  relay  opens.  However,  the  circuit 
through  the  hold-in  winding  is  still  completed 
through  the  pull-in  winding  and  the  closed  heavy 
duty  contacts.  Current  flow  through  the  hold-in 
winding  is  in  the  same  direction  as  when  the 
control  circuit  was  closed,  but  current  flow 
through  the  pull-in  winding  is.  now  in  the 
opposite  direction.  With  the  same  number  of 
tums  in  both  winding^,  and  the  same  current, 
the  magnetic  fields  produced  are  e'qlial  but 
opposite  and  counteract  each  other.  The  plunger 
is  thereby  released  and  is  returned  by  a  spring  to 
its  original  position,  opening  the  heavy  duty 
contacts  and  breaking  the  power  circuit  to  the 
starter  motor.  z 

RELAY. -A  heavy  dirty  relay  is  used  with 
starters  that  have  Bend^k  drives.  The  purpose  of 
the  relay  (fig.  10-57)/is  to  complete  the  power 
circuit  between  the/  battery  and  the  starter 
motor,  and  it  is  ^ntroUed  by  a  low-current 
remote  control  ciYtuit  having  either  a  push-but- 
ton switch  or  an  ignition  switch  with\  a  start 
position. 

When  the  cdntrol  circuit  to  the  relay  is  dosed, 
a  path  for  current  flow  through  the  relay 
winding  is  created  and  the  magnetic  field  pro- 
duced pulls  the  plunger  in,  closing  the  heavy 
duty  contacts,  and  energizing  the  starter  motor. 
Wh^n  the  control  circuit  is  opened,  current  flow 
through  the  relay  winding  is  stopped  and  the 
magnetic  field  collapses.  The  plunger  is  released 
and  is  returned  to  its  original  position  by  the 
return  spring,  cy)ening  the  contacts  and  breaking 
the  power  circuit  to  the  starter  motor.^ 

Safety  Controls  , 

Safety  controls  are  incorporated  in  ground 
support  equipment  starter  systems  to  prevent 
engagement  of  the  starter  after  the  engine  is 
running  and,  on  self-propelled  equipment,  to 
prevent  the  vehicle's  engine  from  being  started 
unless  the  transmission  shift  lever  is  in  a  non- 
drive  position* 

The  safety  devices  ajscussed  h^e  may  be  used 


in  any  combination  desired  by  the  man- 
ufacturer.. Reference  must  be  made  to  the 
applicable  maintenance  manuals  for  the  particu- 
lar unit  before  attempting  troubleshooting  or 
repair  of  the  starter  control  system. 

NEUTRAL  SAFETY  SWITCH.-AU  ground 
support  equipment  equipped  with  automatic 
transmissions  incorporate  some  form  of  a  neutral 
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Figure  10*58. -Starter  safety  oontroi  oombinations. 
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safety  switch  to  eliminate  the  possibility  of 
the  engine  being  started  with  the  transmission 
selector  lever  in  a  position  to  drive  the  vehicle. 

The  switch  is  mounted  either  on  the  transmis- 
sion '^hift  linkage  or  in  the  transmission  case., 
When  it  is  mounted  on  the  transmission  shift 
linkage  it  is  connected  in  series  with  the  startj^r 
switbh  and  the  starter  relay  or  selenoid  winding, 
as  in  figure  10-58  (A).  When  it  is  mounted  in  the 
transmission  :ase  it  is  connected  in  series  with 
the  startler  relay  or  solenoid  winding  and  ground, 
as  in  figure  10-58  (B).  Regardless  of  location  or 
connections,  the  switch  is  open  in  all  positions 
of  the  transmission  shift  lever  except  neutral 
and/or  park,  and  is  actuated  by  the  transmission 
shift  linkage. 

STARTER  LOCKOUT  RELAY.-This  device 
is  actuated  by  generator  output  voltage  and 
prevents  the  starter  from  being  energized  when 
the  engine  is  running.' 

The  normally  closed  contacts  of  the  lock- 
out relay,  figure  !0-58  (A),  are  connected  in 
series  with  the  starter  switch  and  the  starter 

V  relay  or  soknoid  winding.  One  end  of  the 

V  lockout  relay  winding  is  connected .  to  the 


output  of  the  generator,  and  the  other  end  to 
ground.  When  the  generator  output  voltage 
reaches  a  value  great  enough  to  energize  the 
lockout  relay  (usually  Ws  volts),  the  lockout 
relay  contacts  open,  opebiing  the  control  circuit 
to  the  starter  relay  .or  Isolenoid  winding.  The 
contacts  of  the  lockout!  relay  remain  open  as 
long  as  generator  output!  voltage  is  equal  to  or 
above  that  required  to  \energize  the  lockout 
relay.  Connection  to  geherator  output  voltage  is 
made  at  the  generator  solthat  operation  of  the 
lockout  relay  is  not  dependent  upon  operation 
of  the  generator  regulator.  1 

When  the  engine  is  shut  aown,  the  contacts  of 
the  lockout  relay  return  to  the  closed  position  as 
generator  output  voltage  drops  to  a  value  below 
that  required  to  energize  thel relay. 

STARTER  LOCKOUT  SWITCH>-Tliis  device 
is  used  to  accomplish  the  same  purpose  as  the 
starter  lockout  relay-prevept  the  starter  from 
being  energized  when  the  engine  is  running.  It  is 
actuated  by  engine  oil  pressure,  or  when  used 
with  a  two-stroke  cycle  ditsel  engine,  by  air 
pressure  from  the  collector  box  of  ,the  engine 
blower. 
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The  diaphragm-operated  lockout  switch  con- 
tacts, figure  10-58  (B),  are  connected  in  series 
with  the  starter  rehiy  or  solenoid  winding  and 

,  ground, .When  the  engine  is  started  and  oil  or  air 
pressure  builds  up  sufficiently  to  move  the 
diaphragm  (usually  10-15  psi  of  oil  pressure  or 
2-3  inches  of  water  gage  air  pressure),  the  switch 
contacts  are  opened  and  the  circuit  between  the 
winding  of  the  starter  relay-  or  solenoid  and 
ground  is  opened/ 

When  the  engine  is  shut  down,  the  contacts  ot 

.  the  lockout  switch  return  to  the  closed  position 
as  oil  or  air  pressure  decreases  to  a  value  below 
that  required  to  actuate  the  lockout  switch. 

SERIES-PARALP  EL  STARTING  SYSTEM 

On  diesel  engines,  where  the  starter  power 
and  speed  requirements  are  high,  a  voltage 
higher  than  12  volts  m  the  starter  system  is 
*  oft^  necessary  to  insure  adequate  starter  per- 
formance. Most  diesel  engines  Will  start  at  a 
crapking  speed  of  200  rpm  but,  under  adverse 
conditions  such  as  freezing  temperatures,  it  is 
often  impossible  to  obtain  such  cranking  speeds 
with  a  12-volt  sysfem.  By  using  a  24-volt  starter 
system,  much'  Jiigher  cranking  speeds  can  be 
produced  by  a  starter  motor  of  the  same 
physical  size  as  that  uSed  for  a  12-volt  system,  < 
Lighting  that  meets  highway  regulations  has  not 
yet  been  developed  for  operation  on  24  volts, 
making  it  necessary  to  have  a  12-volt  system  al- 
so to  handle  all  accessory  loads  for  highway 
operated  vehicles,  such  as  aircraft  crash/rescue 
trucks  and  shore-based  aircraft  cranes. 

The  .series-parallel  starting  system  is  designed 
to  provide  a  means  of  connecting  two  batteries 
in  series  for  starting,  and  then  reconnecting  the 
two  batteries  in  parallel  for  operation  of  the 
equipment  after  the  engin^e  is  started.  For 
example,  two  12-volt  batteries  connected  in 
parallel  provide  1 1  volts;  connected  in  series 
they  provide  24  volts. 

There  are  two  types  of  series-parallel  starting 
systems  in  use;  one  uses  an  insulated  starter 
motor  and  an  overrunning  clutch  drive,  while 
the  other  uses  a  grounded  sta/ter  motor  and  a 
Bendix  drive.  T\[6  system  using  a  grounded" 
starter  motor  is  th'e  one  most  commonly  used  on 
ground  support  equipment  and  it  is  the  one 
discussed  here. 


The  heart  of  any  series-parallel  starting  system 
is  the  series-parallel  switch,'  It  may  be  operated 
either  manually  or  by  a  solenoid,  and  most 
modern  equipment  uses  the  solenoid  operated 
type.  Figure  10-59  shows  a  solenoid  operated 
series-parallel  switch  with  its  internal  compo- 
nents. These  components  are  the  same  for  a 
manually  operated  switch,  and  the  switche^are 
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Figure  10  60.-Grouncled  type*  series-parallel 
starting  system. 
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Figurt  10-61.-TMttr  wniwctions  for  a 
bamry  capwity  tast. 

the  sWie  for  either  an  insulated  or  a  grounded 
typesystem. 

/The  drcuit  breakers  shown  in  figure  10-59  at 
the  A-t-  and  B-  terminals  are  mounted  within  the 
switch  case  and  are  of  the  automatic  reset 
variety .^On  older  model  series-parallel  switches, 
fuses  were  us<^  and  located  externally  at  these 
'  points. 

Series  Connected  (Starting  Cycle) 

\  Figure  10-60  (A)  shows  a  series^parallel  start- 
ing system  with  ti^t  batteries  connected  in  series. 

With  the  starter  switch  closed,  the  control 
circuit  .to  the  solenoid  winding  is  completed 
from  the  A-  terminal  to  ground  throu^  the 
starter  switch.  The  solenoid  is  energized,  the 
plunger  is  pulled  in,  and  three  actions  take  place, 
in  this  order:  the  parallel  contacts  between  the 
A*  and  B-  terminals  and  between  the  A¥  and  B->- 
terminals  are  opened,  the  series  contacts  be- 
tween the  A-  and  B-i-  terminals  are  closed,  and 
the  starter  relay  control  circuit  contacts  between 
the  A+  and  the  switch  (SW)  terminals  are  closed. 

One  end  of  the  starter  relay  winding  is 
connected  to  ground  at  the  terminal  and  the 
other  end  is  connected  to  B-  at  the  starter  relay 

^  battery  terminal.  As  the  batteries  are  now 
connected » in  series,  24-volts  is  applied  to  the 
relay  winding  causing  its  contacts  to  close  and 
apply  24-volts  to  the  starter  motor.  The  starter 
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moto^  rotates  and  the  pinion  of  the  Bendix  drive 
engages  the  ring  gear,  cranking  the  engine*  As 
shown  in  figure  10-60  (A),  all  the  power 
required  to  operate  the  12-volt  lights  and  acces- 


ERIC 


284 


Chapter  10  -  AUTOMOTIVE  ELECTRICAL  SYSTEMS 


sories  during  the  starting  cycle  is  taken  from  the 
"A**  battery. 

ParaUel  Connected  (Charging  Cycle) 

Figure  10-60  (B)  shows  a  series-parallel 
starting  system  with  the  batteries  connected  in 
parallel. 

When  the  starter  switch  is  released,  the 
control  circuit  to  the  solenoid  is  opened.  The 
solenoid  plunger  is  released  and  mowed  out  to  its 
original  position  by  a  return  spring.  The  three 
operations  that  took  place  when  the  plunger 
.  moved  in  now  occur  in  the  reverse  order-the 
starier  relay  control  circuit  contacts  between  the 
A+  and  SW  terminal  are  opened,  the  series 
contacts  between  the  A-  and  the  B-^  terminals 
are  opened,  and  the  parallel  contacts  between 
the  A-  and  B- 'terminals  and  between  the  A+  and 
ternlihals  are  clo^.  The  starter  relay  is  now 
d^nergized,  its  contacts  are  opened,  and  the 
power  circuit  to  the  starter  motor  is  opened. 

With  the^enerator  now  as  the  power  source, 
the  charging  current  is  delivered  to  the 
terminal  and  divides  to  charge  both  battoie^. 
The  path  Jo  the  **A"  battery  is  direct,  while  the 
path  to  the  "B"  battery  is  through  the  closed 
parallel  contacts,  out  the  B^  terminals  and 
through  the  ammeter.  The  ammeter  indicates 
one  half  of  the  total  charging  current  (that 
delivered  to  the  '*B''  battery)  as  an  indication  of 
charging  system  operation. 

All  the  power  required  to  operate  the  1 2-volt 
lights  and  accessories  is  now  taken  from  the 
generator  or,  when-^  generator  output  is  not 
available  or  is  insufficient,  equally  from  both 
batteries. 

CAUTION:  When  performing  any  mainte- 
nance on  a  vehicle  equipped  with  a  series-parallel 
starting  system^  extreme  care  must  be  exercised 
to  avoid  grounding  of  any  of  the  series-parallel 
switch  terminals.  For  example,  grounding  of  a 
terminal  by  a  wrench  or  by  an  oil  measuring  dip 
stick  would  cause  a  tremendous  surge  of  current 
through  the  circuits  with  possible  serious  da- 
mage to  the  equipment  and  iiQury  to  mainte- 
nance personnel.  Exposed  terminals  are  often 
taped  and  shellacked  so  that  grounds  cannot 
easily  occur.  Also,  never  close  the  starter  motor 


relay  contacts  while  the  series-parallel  switch  is 
in  the  parallel  position,  because  the  heavy  flow 
of  current  in  the  charging  circuit  will  trip  circuit 
breakers,  blow  fuses,  or  bum  out  wiring. 

MAINTENANCE  AND  REPAIR 

The  starting  system  requires  little  mainte- 
nar\ce  if  used  properly,  but  if  a  malfunction  does 
occur,  the  ASE  must  know  how  to  troubleshoot 
the  system  and  correct  the  malfunction. 

When  the  starter  cranks  the  engine  slowly,  or 
hot  at  all,  tests  must  be  made  to  determine 
whether  the  malfunction  is  jn  the  .battery, 
starter  motor,  circuit  wiring,  or  some  other 
component  of  the  system.  Many  conditions 
besides  defects  in  the  starter  motor  can  result  in 
pc3r  starter  performance  or  no  performance  at 
aU. 

Prior  to  making  any  test,  visually  inspect  the 
complete  system..  Insure  that  all  connections  are 
clean  and  tight,  that  wiring  is  not  frayed  or 
otherwise  damaged,  and  that  the  starter  moun- 
ting bolts  are  tight. 

There  are  many  methods  that  can  be  used  to 
test  starting  ^sterns  to  determine  their  condi- 
tion, and  somebf  these  methods  require  the  use, 
of  test  equipment  that  may  not  be  available  to 
the  ASE  in  fleet  units.  With  this  in  mind,  the 
tests  presented  here  are  such  that  they  may  be 
performed  using  a  minimum  of  test  equipment. 

Starting  System  Tests 

^As  the  starting  system  is  completely  depen- 
dent upon  the  "battery  for  operation,  trouble- 
shooting of  the  starting  system  must  begin  with 
the  battery.  , 

BATTERY  CAPACITY  TEST. -Although  spe- 
ciflc  gravity  and  open  circuit  voltage  readings 
provide  a  general  indication  of  battery  condi- 
tion, a  more  accurate  indication  can  be  obtained 
by  making  a  capacity  test,  using  a  battt^ry-starter 
tester. 

NOTE:  If  the  specific  gravity  of  the  battery  is 
1.220  or  less,  do  not  attehipt  to  make  a  capacity 
test.  The  battery  must  be  removed  and 
slow-charged  until  fully  charged  before  testing. 

In  order  to  make  a  capacity  test,  the  am- 
pere-hour rating  of  the  battery  must  be  known. 
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F^fm  lO^.-Plnlort  clearance  tett  hookup  and  procedure. 


This  is  generally  stamped  on  the^^attery  case.  If 
it  is  not,  reference  must  be  made  to  the 
manufacturer's 'Instruction  manual  for  the  parti- 
cular equipment.  . 

Set  the  tester  voltmeter  scale  selector  switch 
t&  a  scale  position  higher  than  the  voltage  of  the^ 
battery  to  be  tested »  and  the  load  control  knob' 
of  the  tester  to  the  OFF  position. 

CAUTION:  If  connection  to  the  battery  is 
made  witli  the  load  control  knob  in  any  position 
other  than  OFF,  severe  arcing  will  occur  at  the  . 
battery  posts,  with  the  possibility  of  a  battery 
Explosion  and  personnel  injury. 

Connect  the  battery-starter  tester  as  shown  in 
figure  10*61  and  turn  the  load  control  knob 
clockwise  until  the  ammeter  reading  is  three 
times  the  ampere-hour  rating  of  the  battery;  for 
example,  180  amperes  for  a  60^mpere-hour 
battery.  With  the  tester  ammeter  reading  the 
specifled  load  for  IS  seconds,  note  the  voltmeter 
readmg*  A  reading  of  9.5  volts  or  more  for  a 
12*voU  battery,  or  l8.S  volts  or  more  for  a 
24*volt  battery,  indicates  ample  capacity.  Read- 


ings lower  tHin  these  indicate  that  the  battery 
should  be  replaced. 

VOLTAGE  DROP  (RESISTANCE) 
TESTS.-High  resistance  or  an  open  in  the 
starting  system  can  be  located  by  using  an 
accurate,  expanded-scale  voltmeter  to  check  the 
voltage  drop  across  various  points  as  shown  in 
figure  10:62. 

If  the  vehicle  to  be  tested  is  gasoline  powered, 
remove  the  ignition  coil  high  tendon  lead  from 
the  distributer  and  ground  it  (standard  i^ition), 
^or  ground  the  primary  distributer  terminal  of 
the  coil  (transistorized  ignition^to  prevent  the 
engine  from  startuig  while  making  tli^  voltaic 
drop  tests! 

NOTE:  The  voltage  reading  (drops)  used  here 
are  general  averages  and  are  not  to  be  used  in 
lieu  of  the  vehicle  manufacturer's  specifications. 

For  testing  a  starting  system  equipped  with  a 
solenoid  operated,  ovemmmng  clutch  type  start* 
er,  make  the  voltmeter  connections  as  diown  in 
figure  10-62  (A). 

CAUTION:  Do  not  operate  the  starter  motor 
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for  Bn  extended  length  of  time,  a^s  it  can  be 
severely  damaged  from  overheating.  Operate  for 
a  maximum  of  30  seconds  and  then  allow  it  to 
cool  for  two  minutes  before  resuming  cranking. 

\Test  L-With  the  voltmeter  leads  connected 
between  the  battery  positive  post  and  the  starter 
motor  terminal,  attempt  to  crank  the  engine. 
Voltage  reading  (drop)  should  not  exceed  0.5 
volt*  If  the  drop  exceeds  0.5  volt,  the  high 
resistance  is  in  the  starting  system  rather  than 
the  starter  motor.  If  the  drop  does  not  exceed 
volt,  perform  test  4  to  determii\e  if  the  high 
resistance  is  in  the  starter  motor  or  in  the  starter 
motor  ground  circuit* 

Test  2. -With  the  voltmeter  leads  connected 
between  the  battery  positive  post  and  the 
battery  terminal  of  the  solenoid,  attempt  to 
crank  the  engine*  Voltage  drop  should  not 
exceed  CTvolt.  If  the  drop  exceeds  0.1  volt,  the 
high  resistance  is  in  either  the  battery  cable 
connections  or  the  battery  cable  between  these 
test  points. 

Test  3.-With  the  voltmeter  leads  connected 
between  the  battery  positive  post  and  the  starter 
motor  terminal  of  the  solenoid,  attempt  to 
crank  the  engine^  Voltage  drop  should  not 
exceed  0.5  volt.  If  the  drop  exceeds  0.5  volt,  the 
high,  resistance  is  in  the  solenoid.  Either  its 
contacts  are  burned  or  they  are  not  closing. 
*'  T<sst  4.-With  the  voltmeter  leads  connected 
betWjeen  the  battery  negative  post  and  the 
starter  motor  frame,  attempt  to  crank*  the 
engine.  Voltage  drop  should  not  exceed  0.1  volt. 
If  the  drop  exceeds  0.1  volt,  the  high  resistance 
is  in  the  ground. circuit  between  the  battery  and 
the  starter  motor  (ground  cable,  cable  connec- 
tions, or  starter  mounting).  If  the  voltage  drop 
-does  not  exceed  0.1  volt,  the  starter  must  be 
removed  for  further  testing. 

CAUTION:  Prior  to  performing  test  5,  the 
voltmeter  scale  selector  switch  mu3t  be  set  to  a 
/scale  position  above  battery  voltag;  to  prevent 
'  damage  to  the  voltmeter. 

Test  5. -With  the  voltmeter  leads  connected 
between  the  battery  nt^gative  post  and  the 
solenoid  switch  terminal,  attempt  to  crank  the 
engine.  Available  voltage  should  not  be  le^  than 
battery  voltage.  If  a  reading  lower  thm  this  is 
obtained,  the  h^  resistance  is. in  the  starter 
switch  circuit  (neutral  safety  switch,  starter 


switch,  connections,  or  wiring).  If  correct  volt- 
age is  indicated^  if  the  solenoid  does  not  operate, 
and  if  the  system  is  equipped  with  a  neutral 
safety  switch  or  starter  lockout  devices  conr 
nected  in  the  solenoid  ground  circuit,  perform 
test  6.  If  the  solenoid  is  grounded  ihternalfy,  the 
starter  must  be  removed  for  further  testing. 

Test  6,-With  the  voltmeter  leads  connected 
between  the  battery  negative  post  and  the 
ground  terminal  of  the  solenoid,  attempt  to 
crank  the  engine.  Voltage  drop^^  ^ould  not 
exceed  0.1  volt.  If  the  drop  exceeds  0.1  vdi^  the 
ht^  resistance  is.  in  the  solenoid  ground  circuit 
(wiring,  connections,  neutral  safety  switch,  or 
starter  lockout  devices). 

If  the  results  of  tests  5  and  6  on  a  solenoid 
operated,  overrunning  clutch  type  starter  system 
are  within  limits  and  the  solenoid  does  not 
operate,  the  starter  must  be.  removed  for  furtMt 
testing.  When  the  above  tests  are  to  be  apfflied 
to  a  starting  system  equipped  with  a  Bendix 
drive  type  starter,  the  test  procedures  are  the 
same,  as  shown  in  figure  10-62  (B),  ^xcept  that 
where  the  word  "solenoid""  is  used,^  the  word 
"relay'',  ^e  maximum  allowable  voltage  drops 
for  both  ^sterns  are  the  same. 

Starter  Motin*  Test  and  Repair 

When  it  is  determined  that  a  malfunction  of 
the  starting  system  is  in  the  starter,  the  starter 
must  be  removed  from  the  vehicle  for  disas* 
sembly,  test,  and  repair.  The  starter  motor  and 
drive  assembly  are  removed  as  a  unit. 

DISASSEMBLY.-EKsassembly  of  the  starter 
at  other  than  major  overiiaul  is  limited  to 
removing  the  commutator  end  head  and  pinion 
housing  so  that  the  armature,  drive  assembly, 
and  bearings  can  be  removed.  The  field  coils  are 
tested  in  the  frame,  and  if  found  defective,  the 
field  coils  and  frame  are  replaced  a^  an  a^mbly. 

Although  starters  will  differ  in  size,  type  of 
drive,  brush  arrangement,  and  other  co^istnic- 
tion  details,  disassembly  requires  practically  the 
same  procedures.  Once  the  ASE  has /disassem- 
bled one  kind  of  starter,  the  disa^mbly  of 
others  will  follow  the  same  pattern. 
.  If  the  starter  is  equipped  with  a  solenoid, 
remove  the  attaching  bolts  from  the  solenoid 
housing  and  the  connector  strap  frpm  the 
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Figurt  1 0^.-Centwt  oontroMad  tramittor  battery  ignition  tystmi. 
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solenoid  motor. terminal  Slide  the  pl&nger  out 
and  remove  the^  solenoid.  Starters  are  generally^ 
equipped  with  locating  dowels  to  insure  correct 
alinement  during  reassembly  but,  to  guarantee 
correct  alinement,  scribe  ^  line  on  the*  pinion 
houang,  field  frame,  arid  commutator  end' 
frame.  '  \ 

Stand  the  starteip  on  the  pinion  housing  and 
remove  the  throu^  bolts.  Remove  the  commu- 
tator- end  frame  and  the  field  frame  assembly 
from  the  armature.  When  the  field  frame^i$J)eing 
removed,  hold  the  brushes  away  from .  the 
commutator  to  prevent  them  from  snapi^ng 
oyer  the  end  of  the  commutator  and  being . 
chipped.  Reniove  the  armatiire,  drive  assembly, 

^  and  shift  lever  Xoveminning  dutch  type)  from 
'the  pinion  housing.  Remove  the  snap  ring  or 
drive  head  screws  and  remove  the^ve  assembly^ 

"Tipm-lneannaiure. 

r  Inspect  all  components  fdr  evidence  of  burn* 
iiig,  nibbing,  arcing,  overheating,  broken  wires, 
or  escessive  wear. 

CLEANING.-Clean  all  parts  in  an  approved 
solvent  except  the  armature,  field  coils,  and,  * 
when  used,  the  overrunning  clutch  drive  unit.  A 
rag,  dampened  with  clean  solvent,  may  be  used 
to -wipe  ofT  the  oOtside  of  'tl^e  armature,  field 
coils,  and  the  dverrunning  clutch  if  they  are  oily. 
,  If  no  oil  is  pre^nt,  use  a  dry,  soft  brush  and  low 
pressure  air. 

A  Bendix  drive  n^ay  be  cleaned  in  solvents 
The  overrunning  clutch  drive  is  factory  packed 
with  lubricant  and^  must'  never  be  placed  in 
solvent,  as  the  lubricant  will  be  removed  and 
$ubse<iuent  clutch  failure  will  result.  *  - 

TESTING  FIELD  COlLS.^Refer  to  the  sec- 
tion of  this_chaptei^coverin^  repair  of  d-c 
generators. 

ARMATURE  TEST  AND  REPAIR.^Refer  to 
the  s^ttion  -of  this  chapter  covering  repair  of  d< 
generators. 

DRIVE  ASSEMBLY  TEST.-The  overrunning 
clutch  pinion  should  turn  freely  in  the  overrun- 
ning direction  and  should^  not  slip  in  the 
cranking  direction.  If  the  pinion  turns  toughly  in 
the  overrunning'direction,  it  indicates  that  the 
rotters  are  ctiipped  or  the  rotor  is  worn,  and  the 
drive *as%mbly  must  be  replaced.  If  the  pinion 
slips  in  the  cranking  direction,  the  drive  assem- 
bly must  be  replaced.  If  the  pinion  teeth  are 
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burred  or  chipped, -the  drive  assembly  must  be 
replaced. 

If  the  pinion  of  the  Bendix  drive  does  not 
move  freely  on  the  threaded  sleeve,  or  if  the 
teeth  are  burred  or  chipped,  the  drive  assembly, 
must  be  replaced.  If  the  drive  spring  is  distorted 
or  broken,  replace  the  spring.  " 

CHECK  BEFORE  REASSEMBLY.-^Jf  the 
brushes  are  chipped,  worn  to  within  one-half  of 
their  original  length.  Have  frayed  leads,  or  are  oil 
soaked,  they  must  be  replaced. ' 

Insure  that  the  brushes  slide  freely  in  the 
holders,  or  if  fastened  to  moveable  arms,  that 


ERLC 


291 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAK  E  3  &  2 


the  arms  move  freely  and  are  properly  alined. 

Inspect  the  armature  shaft  bushings  and  re- 
place  them  if  Jthey  are  excessively  worn.  ^ 

Check  alf  soldered  connections.  Check  the 
pinion  housing  for  cracking. 

ASSEMBLY.-- Assembly  of  the  starter  is  done 
in  the  reverse  order  of  disassembly.  Lubricate 
^e  bushings  with  a  few  drops  of  light  engine  oil. 
Wipe  a  thin  coating  of  graphite  grease  on  the 
arkature  shaft  splines  of  an  ovemmning  clutch 
typ^  starter.  On  a  Bendix  drive  type  starter, 
appiy  a  light  fihn  of  engme  oil  to  the  spiral 
spliim  of  the  drive  sleeve. 

Wh^iv^  soldering  is  required,  use  rosin  core 
solder  ordy.  If  any  grommets  are  used,  they 
must  be  in  good  condition  and  installed  proper- 
ly. 

PINION  CLEARANCE.-^Overrunning  clutch 
type  starters  must  have  at  least  the  specified 
clearance  between  the  pinion  and  the  thrust 
washer,  retainer,  or  pinion  hou^ng  with  the 
pinion  in  ttie  cranking  position,  and  this  clear- 
ance, must  be  checked  and  corrected,  if  neces- 
sary>  after  assembly  of  the  starter  is  completed. 
With  less  than  the  specified  clearance,  the  pinion 
hou^ng  will  be  broken  and  major  damage  done 
to  the  starter  motor  and  possibly  to  the  vehicle's 
engine. 

Each  manufacturer  specifiel  the  clearance  for 
his  particular  equipnftnt,  and  reference  must  be 
made  to  the  applicable  maintenanace  n^nual  to 
obtain  the  clearance  specifications  for  the  starter 
being  tested. 

A  representative  pinion  clearance  test  hookup 
and  test  procedure  is  shown  in  figure. 10^3 

Kscqlmc^rihe  starter  motor  lead  from  the 
solenoid  motor  terminal  and  carefully  insulate 
the  motor  lead.  Using  a  battery  of  the  same 
voltage  as  the  solenoid,  connect  one  lead  to  the 
solenoid  switch  terminal  and  the  other  to  the 
starter  or  ^olendd  frame.  Connect  a  jumper  wire 
from  the  solenoid  motor  terminal  to.  the  starter 
frame  as  showh  in  figure  10-63.  This  will 
energize  the  solenoid  and  shift  the  pinion  into 
the  cranking  position  where  it  will  remain  as 
long  as  the  battery  is  connected. 

CAUTION:  Do  not  keep  the  battery  con- 
nected longer  than  a  few  minutes  as  overheating 
of  the  solenoid  may  occur. 

Push  the  pinion  back  toward  the  commutator 


end  to  eliminate  any  play  in  the  linkage,  and 
<^en  measure  the  distance  between  the  pinion 
stop  and  the  pinion. 

There  are  no  provisions  for  adjustment  of  the 
pmion  clearance  on  enclosed  shift  lever  type 
starter  motors.  Therefore,  if  the  pinion  clearance 
is  not  within  the  limits  specifi^  by  the  manu- 
facturer, inspect  the  shift  lever  yoke  buttons  and 
solenoid  linkage  for  excessive  wear. 

On  the  open  shift  lever  type  starter  motors, 
adjustment  is  made  by  changmg  the  length  of 
the  solenoid  linkage  or  by  loosening  the  solenoid 
mounting  bolts  and  moving  the  solenoid. 

INSTALLATION.-Insure  that  the  mounting 
flange  of  the  starter  and  the  mounting  flange  or 
pad  of  the  engine  are  s^tlesdy  clean.  This  is 
necessary  for  proper  grounding  of  the  starter 
motor  and  also  for  correct  mechanical  alinement 
of  the  drive  unit  with  the  ring  gear.  Install  the 
starter  and  tighten  the  bolts  to  specifications. 
Connect  the  wiring,  making  sure  that  all  connec- 
tions are  clean  and  tight. 


WATERPROOF  STARTERS 


Some  vehicles  are  equipped  with*  starters  that 
are  sealed  to  pre^nt  entry  of  water  or  dust  and, 
while  starters  of  this  type  are  tested  and  repaired 
in  the  same  way  as  any  other  starter,  fecial 
sealing  compounds  are  used  by  the  manufacturer 
to  accomplish  the  waterproofing.  Care  must  be 
exercised  during  assembly  to  insure  that  these 
compounds  are  applied  in  the  specified  locations 
to  reseal  the  starter* 


IGNITION  SYSTEMS  . 

Ignition  of  the  fuel-air  mixture  in  an  engine 
cylinder  may  b^  accomplished  by  either  of  two 
methods-by  heat  of  compression  as  in  diesel 
engines,  or  by  electric  spark  as  in  gasoline 
engines.  This  section  pertains  to  ignition  by 
electric  spark  only. 

Spark  ignition  may  be  subdivided  into  two 
classes-battery  ahd  magneto.  With  either,  the 
fundamental  job  is  to  step  up  low  voltage  to  a 
much  higher  value  (15,000  to  20,000  volts)  and 
to  deliver  the  high  voltage  to  the  spark  plugs  at 
the  proper  time.  The  high  voltage  is  capable  of 
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pushing  current  from  ^ne  spark  plug  electrode 
to  the  other  through  the  h^h  resistance  s^t  up 
by  the  gas  pressure  in  the  combustion  chamber. 


BATTERY  SYSTEMS 

The  voltage  of  the  vehicle  battery  is  not  high 
enough  to  force  a  current  across  the  spark  plug 
electrodes*  To  obtain  the  high  voltage  necessaty 
(ap^ximately  20,000  volts),  a  ste{>-up  pulse 
transformer  (ignition  coil)  is  used.  The  high 
voltage  oreated  is  then  dc^liveted  to  the  spark 
plug  of  the  correct  cylinder  at  the  right  time  by 
the  distributor.  The  high  voltage  forces  a  current 
across  the  sparic  plu|^  electrodesf  creating  a 
^rtc,  which  ignites  tht{  ^4uel  mixture  in  |he 
cylinder.  ^ 

A  battery  ignition  system  cons^s  of  twc 
circuits,  the  primary  and  the  secondary,  regard 
less  of  whether  the  system  is  tonvehtional  (fig. 
10-64),  contact  controlled;  transistor  (fig. 
10^$),  Of  transistor  controlled  magnetic  pulse 
(fig.  10-66).  Some  components  of  these  circuits 
will  be  different  for  each  system^  but  their 
purpose  is  the  same-to  create  the  high  voltage 
necessary  to  fire  the  spark  plug  and  deliver  this 
high  voltage  to  the  correct /spark  plug  at  the  ^ 
right  time.  / 

/ 

Conventional  System 

%  Figut^  10-64  illustrates  the  two  circuits  ^d  \ 
their  components  for  a  conventional  system 

\using  a  l2-volt  or  a  24-volt  battery. 
r^IGNITION  RESISTOR.-An  ignition  resistor, 
sometimes  called  a  ballast  rector,  is  used  in  all 
^nventional  ignition  systems  that  operate  on  1 2 
or  24  yolts.  The  resistor  reduces  the  voltage  and 
current  fiow  across  the  breaker  points.  During 
low  speed  operation,  primary  circuit  current 
flow  is  high  and  the  temperature  of  the  resistor 
increases,  its  resistance  increases,  and  current 

^flow  decreases,  thus  prolonging  breaker  point 
life.  During  high  speed  operation,  |»imary  cir- 
cuit current  flow  is  low  and  the  temperature  of 
the  r^istor  decreases,  its  resistance  decreases, 
and  current  flow  increases,  thus  meeting  high 
speed  requirements  During  starting,  when  start- 
er current  draw  might  decrease  the  voltage 


available  to  the  coil  to  a  point  where  starting 
woukl .  be  difficult,  the  'resistor  is  bypassed,' 
allowing  fuU  battery  voltage  to  flow  to  the  coil 
Xo  insure  .that  a  strong  sparic  is  created  at  the 
^parirptogs  iVen  under  adverse  conditions. 

IGNITION  COIL.-Tlie  primary  winding  of 
the  i^tion  coil  consists  of  a  few  hundred  turns 
of  heavy  wire  wrapped  around  a  laminated 
spft^ron  core  (fig.  10-67).  Wien  current  is 
f^dM^ng  in  the  primaiy  circuity  a  magnetic  field  is 
set  up  about  this  cqH,  The  secondary  winding 
consists  of  many  thousand  turns  of  very  fine 
wire  around  jy^pnmary  coil.  The  mi^gnetic  fkU 
from  the  primary  coil  surrounds  or  "links'*  the 
turQs  of  wire  on  the.  second^  win<Ung  (fig." 
10-64).  •  . 

If  the  flux  linkii^  ^  coil  is  varied  or  changed 
in  any  way,  an  electromotive  torce  is  induct  in 
the  turner  of  the' coil.  This  is  a  manifestation  of 
the  basic  princii$le  upon  which  both  the  electrip 
generator  and  the  induction  coil  woric.  In  an 
induction  coil,  sudi  as  an  ignition  coil,  a 
magnetic^field  is  set  up  by  current  from  th^ 
battery  Qowing  throu^  the  primary,  circuit. 
Unless  this  current  flow  is  changing  to  vary  the 
strength  of  :f^re^;in^etic  fields  no  voltage^  is 
induced  in  the  secoTO^f^  winding.  , 

Since  ^  both  .the  prinmry  and  secondary 
windings  of  an  induction  coil  are  stationary 
\  windings,  some  means  other  than  movement  df 
\the  windings  is  used  to  chait^  the  magnetic  flux 
Unking  the  coils.  This  c^ept  is  crated  by  a^ 
i^ake^d-break  device  (breaker  points)  in  the^ 
p^mary  circuit.  When  the  jbreaker  pdjnts  .are 
closed,  current  flows  throi^t  the  primary  coil, 
and  the  magnetic  field  buiid^  up  around  it.  The 
ma){nettc  lines  of  force  liiuc  the  priitaaiy  and 
secondary  windings  and  indW  voltage  in  each 
wind|i%*  In  the  primary  \dnding,  the  induced 
volti^e  opposes  the  battery  voltage.  For  this 
reason,  the  magnetic  fiel4  is  not  built  up 
instanriy,  but  requires  a  fraction  of  a  second  to 
reach  full  strength.  This  is  called  the  saturation, 
time. 

BREAJCER  POINTS.-The  make-and-break 
device,  which  consists  of  a  set  of  contact  points 
and  a  spring,  is  located  in  the  disMbutor.  Tlie 
purpose  of  t  this  device  is  to  open  the  primaiy 
circuit,  causing  the  magnetic  field  to  collapse* 
This  coUap^e  induces  a  hi^  voltage  in  the 
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secondary  winding,  and  causes  a  brief  but  strong 
flow  of  current  in  the  secondary  circuit.  The 
flow  of  current  in  the  secondary  circuit  causes  a 
spark  as  it  flows  across  the  gap  of  the  particular 
spark  plug  whibh  is  connected  into  the  second- 
ary  ^ifcuil  by  means  of  the  distributor. 

The  collapse  of  the  magnetic  field  also  in- 
duces a  high  voltage  in  the  primary  coil. 

CAPACITOR.-If  the  flow  of  current  through 
the  primary  circuit  due  to  the  collapsing  field 
wel^^lowed  to  continue,  it  would  caule  arcing 
across  the  breaker  points.  Tp  reduce  this  arcing, 
r  capacitor  condenser  is  wjred  in  parallel  with 
the  breaker  points.  an(|  grounded  ^through  the 
distributor  housing*  Th|^  capacitor  takes  up  the 
current  from  the  induced^rimary  voltage,  allow- 
ing the  magnetic  field  to  collapse  \^ry  quidcly 
and  induce  a  high  secondary  voltage.  The  result 
is  a  good  hot  spark,  y/hxVh  is  required  to  ignite 
.the fuel<air chaise.  .  *  ^\  - 

.  Induced  voltages  in  th^  primary  and  second- 
ary windings  depend  on  the  number  of  tur^s  of 
wire  in  the  two  windinp.  The  voltage  induced  in' 
the  secondary  winding  when  the  field  collap^ 
may  be  as  high  as  2$  ,000  volts.  The  sparicMs 
usually  created  across  the  plug  gap  at  a  lower 
voltag^-approximately  10,000  volts. . 

DISTRIBUTOR.-Figure  10-68  is  a  side  and 
top  view  of  distributor  unit. 

The  distributor  cap  has  a  center  terminal  for 
the  high-tension  lead  fronrthe  secondary  coil, 
and  separate  terfhinals  for  leads  to  the  sparic 
plugs.  The  cap  fits  oyer  the  bowl  of  the 
distributor  housing  that  contains  the  capacitor, 
rotor,  breaker  points;  and  the  breaker  cam.  The 
breaker  cam  and  the  rotd^  rotate  at  one-half 
engine  speed  on  a  shaft  which  is  driven  from  the 
camshaft.  The  rotor  conductV^the  high  voltage 
from  the  secondary  to  the  sep^!;ate  spark  plug 
leads. 

The  mechanism  is  timed  sa  that  the  rotor  is 
adjacent  to  one  of  the  spark  plug  leads  each  time 
the  primary  circuit  is  brdcen.  In  figure  10-64  the 
sparric  plugs  and  cylinders  are  numbered-^  a 
standared  manner,  beginning  with  number  1  at 
the  front  of  the  engine,  back  to  number  6 
(6-cylinder  engine)  at  the  rear  of  the  engine.  The 
leads  from  the  distributor  C4P  are  arranged  so 
that  the  rotor  will  make  contact  and  send  high 


voltage  to  the  spark  plppis  in  the  follbwing  firing 
order—  1  ''5-3-6-2-4. 

BREAKER  CAM.-The  breaker  cam  is 
six*4obed  f^r  a  6-cylinder  4-str^e  cycle  engine. 
Therefore;  the,  breakei^jpoints  will  open  and 
close  six  times  ^vith  each  revolution  of  the 
distributor  shaft:  These  contact  points  close  and  ^ 
open  the  primary  circuit,  so  that  six  times  in 
each  two  revolutions  of  the  engine,  the  magnetic 
held  in  the  coil  will  be  built  up  and  allowed  to 
collapse,  /pie  breaker  cam  and  cotor  ft>tate 
together,  and  the  rotor  is  alined  with  the.proper 
spark  plug  coijtact  each  time  a  cam  lobe  opens 
the  primaty  circuit,  collapsing  th^magnetic  field 
and  produicing  a  high  voltage  m  the  secondary 
cirdiit.       \^  t 

TIMING  AUVANCE  UNIT.-Timing  advance 
is  accomplishied  inthe  distributor.  'A  short  time» 
is  required  td  i^ite  and  bum  the  air-fuel 
mixture  and  develop  power,  and  this  time  is 
practically  the  same  M  all  engine  speeds.  At  hi^^ 
speeds,  the  tirhing  must  be, advanced  so  that  the 
sparks  will  ociur  ea^er  than  at  low  engine 
speeds  if  combustioi^  is  to  be  ^completed  at  the 
mo^  effective  time4n  riie  operating  cycle. 

There  are  twp  types' of  automatic  timing 
advance  mechanisms,  and  th€y  may  be  used 
separately  or  together.  The  centrifugal  advance^ 
mechanism  (fig.  10-68)  is  operated  by  a  pair  of 
weights  that  are  thrown  opt  against  spring  ten- 
sion as  the  engine  speed  increases.  Movement  of 
the  weights^  advances '  throu^  ^  linkage  to 
the  breaker  cam.  This  mechanism,  usually  found 
in  the  lower  part  of  the  distributor  housing, 
provides  a  smooth  advance  and  retard  of  the 
timing  with  changes  in  engine  speed. 

The  vacmim-adv^nce  mechanism  advances  and 
retards  the  timing  ai^cording  to  engine  load,  and 
uses  a  spring-loaded  \diaphragm  c^nected  by  a 
linkage  to  the  distributor  and  by\a  vacuum 
passage  to  the  carburetor.  The  opening  to  the 
carburetor  is  on  the  atmospheric  ^de  of  the 
throttle  when  the  throttle  is  in  idling  position. 
There  is  no  advance  in  this  position  since  the 
opening  is  under  atmospheric  pressure.  As  the 
throttle  is  opened,  it  swings  past  the  opening  of 
the  vacuum  passage,  exposing  the  advance  mech* 
aniill  diaphragm  to  intake  manifold  vacuum. 
The  diaphragm  operates  the  advance*mechd* 
nism  linkage  and  rotates  the  .  breaker  plate  and 
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FiguPt  10-69.-CutMay  vitw  of  •  ipark  plug. 

breaker  points  in  the  direction  of.  distributor 
rotation,  caudng  the  breaker  points  to  be 
opej^  earlier,  advancing  the  time  that  the  sparic 
.  occim  in  the  cylinder* 

SPARK  PLUGS.-Spark  plugs  are  installed  in 
^ch  cylinder  of  an  engine  provide  the  fixed 
air  gap  acro^  which  the  liigh  voltage  from  the 
coil  jumps  to  creat^e  the  spark  that  ignites  the 
air-fuel  mixture  in  flie  cylinder.  A  cutaway  View 
of  a  spark  plug  is  shown  in  figure  1 0-69. 

-/  * 

/     Trmdstor  Systems 

The  transistor  ignition  system  is  a  relatively 
new  development  in  battery  ignition.  It  is 
,  designed  to  overcome  some  of  the  drawbacks  of 
the  <:onventional  i^tion  system. 

The  output  of  the  conventional  i^tion  is 
limited  to  Ihe  amount  of  current  m  the  primary 
circuit.  Approximately  S  amperes  btcurrent  can 
earried  in  the  primary  circuit  and  maintain  a 
reasonabte  breaker  point  life.  This  is  became  the 
breaker  pomts  Will  arc  and  bum  if  morecuh^t 
is  interrupted.  Another  factor  limiting  the  oul^ 
put  is  the  length  of  time  the  breaker  points 
remain  cl<^;  and  as  the  engine  speed  increases, 


this  time  biecomes  mcreasingly  short. 

NOT^;  Transistors  are  discussed  in  Basic 
Electronics;  thus,  the  ASE  should  review  that 
manual  for  a  better  understanding  of  transistor 
.:4gnition  systems* 

The  trandstor  is  a  device  with  Jhe  ability  to 
switch  large  currents  through  the  action  of  a 
very  small  control  currerl.  Th2i  switching  action 
involves  no  movi*""  ^  -^^  and  is  instantanrous 
when  the  cirr  ^  ;ned  property.  In  a 
contact  control  lent,  conventicmal  breaker 
points  turn  the  transistor  emitter4:^  circuit 
ON  and  OFF  at  the  proper  time  in  relation  to 
the  engine  timing.  Because  of  the  low  voltage 
being  controlled  by  tfie  breaker  points  (1/2  to 
3/4  ampere),  their  life  is  greatly  inicm.^ed  ovtat 
what  it  would  be  in  the  con^tionai  ignition 
system.  ^  . 

There  ate  several  advantages  offered  by  the 
transistorized  ignition  system-extended  breaker 
point  life,  extended  periods  between  engine 
tuneups,  extended  spark  pli«  life,  and  higher 
available  voltage  at  the  sparic  plugs. 

There  ai:e  two  basic  types  of  transstorized 
ignition  .^stems.  The  basic  difference  between 
the  two  is  the  manner  in  which  the  emitter-base 
circuit  within  the  tran»$t(H'  is  controlled.  This 
control  can  be  exercised  by  either  mechanical  or 
electronic  means, 

CONTACT  (BREAKER  POINT)  CON- 
TROLLED SY^TEM.-A  comparison  between 
the  conventional  ignition  systein  and  a  repre- 
sentative contact  controlled  tranastor  system 
^  can  be  made  by '  observing  the  two  simplified 
wiring  schematics\^own  in  figure  lO-TO.  ^ . 

In  the  conventional  system,  when  the  ^nition 
switch  is  closed,  current  flows  throu^  the 
ignition  coil  primaiy  winding  and  the  breaker 
points.  The  prijnary  current  create,  in  the  coil, 
a  ma^etic  field  whidi  collq>9^  when  the 
distributor  breaker  points  open.  This  induces  a 
high  volbge  in  the  coU  secondary  winding  which 
is  then  used  to  fire  the  sparic  plug. 

It  should  be  noted  in  the  conventional  s^^tem 
that  the  distributor  httak^  points  carry  the  full 
primary  icumnt.  Since  the  amount  of  current 
^  tliat  the  breaker  points  can  cany. is  limited,  the 
x^output  ttiat  can  be  obtained  from  the  coU  is  al»> 

contact  controlled  system,  it  should  be 
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particularly  noted  that  the  distriblitQr  breaker 
J ,  points  carry  only  the  very  small  emitter-base 

irrent  of  the  transistor,  and  the  largter  current 
of  the  co»*  '^^iry  is  carried  through  the 
emitter-cc  /  the  transistor.  When  iae 

distributor  .wuivei  ppints  open,  the  emitte^base 
current  is  stopped  along  with  the-emitter-col- 
lector  current/  which  is  the  same  as  the  coil 
primary  current.  The  magnetic  field  in  the  coil 
then  collapseS)  and  the  high  voltage  in  the  coil 
secondary  neaded  to  fire  the  plug  is  p;:oduced. 

The  resis^r  connected  to  the  coil'  primary 
winding  establishes  the  proper  amount  of  pri- 
mary ciimnt  The  use  of  a ^padtor  in  the  . 
di$tribut(»r  is  optional.  > 
:  A  contact  controllea  ^nsistor  ignition  sys- 
tem is  shown  in  figure  1^-65.  The  system\  shown 
illustrates  the  ignitioj/  switch  type  of  resistor 
bypass  which  functions  during  cranking.  On 
oth^  systems,  the/resistor  bypass  lead  may  be 
connected  to  a  terminal  on  the  starter  motor 
solenoid  or  to  a  separate  relay. 

TRANSISTOR  CONTROLLED  MAGNETIC 
PULSE  SYSTEM.-A  simplified  wiring  sche- 
matic for  a  transistor  controlled  magnetic  pulse 
ignition  system  is  shoWn  in  figure  10*7 1 . 

Many  of  the  components  comprising  this 
system  are  essentially  the  same )  as  those  used  in 
both  the  conventional  and  contact  controlled 
systems.  Note,  however,  that  in  this  type  of 
ignition  system^  no  contact  points  are  used.  The 
ignition  coil,  which  is  similar  in  appearance  to 
the  conventional  ignition  coU,  in  reality  is  quite 
diffcrei^  electrically.  The  ignition  coil  for  the 
transistor  controlled  magnetic  pulse  type  igni- 
tion system  has  a  different  number  of  turns  of 
wire  in  both  its  pri^nary  and  secondary  windings 
as  rompared  with  a  copventional  system,  and 
the  two  types  of  coils  are  not  interchangeable. 

The  magnetic  pulse  distributor  is  similar  in 
external  appearance  to  the  conventional  dis- 
tributor and  has  some^  internal  features  that  are 
the  same.  The  centrifugal  advance  and  vacuum 
advance  mechanisms  are  the  same  in  both  units. 
However/ the  breaker  cam,  contact  points,  and 
condenser  usedjn  the  conventional  distributor 
art  not  used^  the  magnetic  pulse  distributor.  In 
.  their  place  are  a  permanent  magnet,  a  timer 
core,  and  a  pickup  coil.  These  units,  which  can 
%^be  JUcened  to  the  breaker  cam,  produce  an 
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alternating  voltage  when  the  distributor  is  in 
operation.  This  voltage  is  transferred  to  the 
electrical  control  section  of  the  ignition  pulse 
amplifier. 

The  ignition  pulse  amplifier  functions  as  a  set 
of  contact  points  to  interrupt  thexurrent  in  the 
primary  circuit.  The  voltage  developed  by  the 
distributor  is  increased  by  the  pulse  amplifier 
and  then  applied  to  the  base  of  a  transistor 
located  in  the  control  section.  The  control 
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transistor  acts  as  a  switch  and  is  controlled  by 
the  voltage  applied  to  its  base  circuit.  Other 
electrical  control  devices  for  the  transistor  are 
also  located  in  the  control  unit. 

For  ease  of  understanding,  the  system's  basic 
oi^ration  will  be  discussed.  Assuming  that  the 
ignition  switch  is  in  the  run  position,  current 
flows  through  the  emitter-collector  of  the  tran- 
sistor and  the  primary  winding  of  the  ignition 
coil.  Current  flow  in  the  primary  winding  builds 
up  a  magnetic  fleld  about  b6th  the  primary  and 
secondary  windings  just  as  it'  did  in  the  (^nven- 
tional  system. 

When  me  magnetic  pulse  distributor  generates 
a  voltage  in  its  winding,  this  voltage  is  carried  to 
the  electrical  control  portion  of  the  ignition 
pulse  amplifler.  This  voltage  is  amplifled  and 
used  to  increase  the  voltage  on  the  base  of  the 
transistor,  to  a  value  higher  than  that  on  the 
emitter,  and  the  current  flow  through  th^ 
ignition  coif  primary  winding  stops. 

With  no  curi*ent  flow  ih  the  primary  ignition 
winding,  the  magnetic  field  within  the  coil 
collapses  about  the  wiftdih^.  The  high  voltage 
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Figure  lO-TS.-Hsgh-lentioii  magneto  circuits, 

induced  in  the  secondary  winding  is  then  im- 
pressed .  upon  the  secoi^dary  circuit  to  fire  the 
sparic  plug.  When  the  ventage  reaches  a  sufficient 
value  to  jump  the  gap  between  the  electrodes  at 
the  plug,  a  spark  is  created  which  ignites  the 
air*fuel  mixture  in  the  cylinoer  of  the  engine. 

The  transistor,  therefore^  acts  as  the  triage  to 
interrupt  the  primary  circuit  in  order  that 
secondary  voltage  can  be  produced.  Since  the 
transistor  is  capable  of  carrying  more  current 
than  the  contact  points,  more  secondary  output 
voltage  is  available  at  all  engine  speeds. 

A  transistor  controlled  magnetic  pulse  type 
ignition  system  is  shown  in  f^re  10-66. 


MAGNETO  SYSTEMS 


-1 


The  magneto  (fig.  10-72)  used  for  ignition  is  a 
self-contained  unit.  With  the  exception  of  the 
sparic  plugs  and  the  wires  leaching  to  them,  the 
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magneto  includes  or  substitutes  for  all  the  units 
usually  found  in  the  conventional  battery  igni- 
tion system.  The  magneto  provides  electricity 
for  ignition  only.  If  the  equipment  requires 
lights  and  other  electrically  operated  accessories, 
a  battery  smd  generator  must^be  provided  for 
thL  purpose.  A  number  of  methods  are  used  for 
starting  magneto  equipped  engines,  such  as 
handcrank,  footcrank,  pulhrope,  electric  starter, 
etc.  -         '  / 

Figure  10-73  shows  a  horseshoe  magnet  and 
the  pole  pieces  that  produce  a  magnetic  field. 
The  primary  and  secondary  windings  are  wound 
on  an  armature  which  rotates  within  the  magnet- 
ic field.  As  the  armature  revolves,  an  alternating 
current  of  low  voltage  is  generated  in  the  turns 
of  the  wire.  When  this  current  reaches  its  highest 
value ,^ ^he  breaker  points  open,  and  high-tension 
current  is  routed  to  the  magneto  distributor  and 


20  TO  40%M0RE  VOLTAGE  IS  REQUIRED 
WITH  POLARITY  REVERSED 


on  an  armdture  wKkh  rotates  within  the  mag- 
netic field.  As  the  armature  revolves,  an  alter)ia- 
ing  current  of  low  voltage  is  generated  in  the 
;  turns  of  the  wire.  When  this  current  reaches  its 
highest  value,  the  breaker  points  open,  and  high- 
tension  current  is  induced  in  the  secondary 
winding,  as  in  the  battery  ignition  system.  The 
high  tension  current  is  routed  to  the  magneto 
distributor  and  to  the  spark  plugs  in  the  proper 
firing  order. 

The  magneto,  a  simple  form  of  electric 
generator,  produces  its  own  current,  thus  elimi- 
nating the  need  of  a  battery  in  the  ignition 
system. 

Types  of  Magnetos 

There  are  several  types  of  automotive  mag- 
netos that  differ  in  magnetic  circuits  and  in  the 
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Figure  10-74.-ColTect  coil  polarity  and  voltaga  flow  for  a  nagatiw  grounded  iystam. 
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way  in  which  the  low-tension  current  is  induced. 
The  rotating  armature  type  magneto,  just  de- 
scribed, is  the  oldest  and  the  one  commonly 
used  for  automotive  equipment-  It  generates 
low-tension  current  on  the  principle  of  rotating 
windings  and  a  stationary  field.  In  the  induction 
type  of  magneto,  t^e  windings  are  stationary 
and  the  magnets  rotate. 

Coming^ii  £^>eed 

^  The  magneto  must  be  tui|ned  at  higher  than  a 
minimum  speed  to  generate  a  primary  current 
with  enough  strength  to  start  the  engine  and 
keep  it  running.  This  speed  differs  ^th  various 
tyt^s  of  magnetos,  but  the  average  is  about  1(X) 
rpm,  and  is  called  the  coming^n  speed  of  ^the 
magneto.  | 

In  starting  the  engine,  it  is  difficult  to  rotate 
the  crankshaft  fast  enough  to  produce  the 
coming-in  speed  of  the  magneto.  An  impulse 
coupling  is  used  to  obtain  an  initial  starting 
cu  rrent  from  the  magneto. 

Impulse  Coupling 

The  impulse  coupling  is  mounted  between  the 
magneto  drive  from  the 'engine  and  the  mag- 
"neto-driven  shaft.  It  consists  of  a  spring  and 
ratchet -drive.  When  the  engine  is  turned  over  by 
the  handcrank,  the  spring  in  the  device  is  wound 
up  against  a  ratchet  or  trigger  arrangement.  As 
the  piston  reaches  firing  position,  the  trigger 
releases  automatically.  The  spring,  whicli  is 
connected  to  the  magneto-drive  shaft,  flips  it 
with  enough  speed  to  produce  current  for  one 
firing*  The  operation  continues  until  the  engine 
fires  and  starts  to  run.  As  the  engine  speed 
increases,  the  impulse  coupling  locks  out  and  th^ 
magneto  is  driven  normally.  ^ 

MAW^tiENANCE 

Many  components  of  the  conventional,  the 
transistor,  and  the  magneto  systems  previously 
discussed  are  inspected  and  tested  in  the  same 
manner.  However,  some  components  of  all  type 
systems  require  special  test  equipment  which  is 
discussed  in  chapter  9  of  this  manual*  To  obtain 


specifications  and  information  regarding  the 
type  of  test  equipment  required  and  procedum 
for  its  use,  reference  must  be  made  to  the 
applicable  maintenance  manual  for  the  equip- 
ment at  hand. 

Tiouble^ooting 

Before  making  any  test,  conduct  a  thorou^ 
visi^  inspection  of  the  ignition  system. 

BATTERY.--Check  terminal  posts  and  cables. 
Connections  must  be  clean,  tight,  and  free  of  • 
corrc^on.  \ 

PRIMARY  WIRING.-Check  for  obvious 
dama^  such  as  broken  wires,  loose  wires,  frayed 
insulaticm^  etc.  All  connections  must  be  ctean 
and  tight, 

IGNITION  COI^.~PuU  the  high  voltage  lead 
out  of  the  coil  tower.  Check  the  tower  fw  sigm 
qf  corrosion  or  biiming.  If  it  is^prroded,  clean 
with  a  round  brush  or  sandpaper  wound  arouikl 
a  pencil.  Examine  the  tower  carefully  for  my 
sign  of  flashover  (high  voltage  current  leaving 
the  intended  path  and  juminng  down,  or  around, , 
directly  to  ground).  Flashover  can  be  caused  by 
moisture  or  dirt  on  the  coil  exterior,  a  corroded 
tower  interior,  or  by  failing  to  have  the  hj|^ 
voltage  lead  pushed  fully  into  the  tower.  If 
flashover  has  cracked  tiie  tower  or  left  a  burned  ^ 
path  (carbon  track),  replace  the  coil*. 

Check  for  correct  coil  polarity-the  coil  must 
be  connected  into  tlie  primary  circuit  so  that  the 
positive  and  native  markings  of  the  cofl 
correspond  to  the  battery  connections,  for 
example,  in  a  negative  grounded  system,  the 
negative  terminal  of  the  coit^ust  be  connected 
to  the  distributor  where  it  is  grounded  throu^ 
.  the  breaker  points.  By  connecting  the  coil  in  thk 
manner,  the  center  electrode^.|)f  the  sparic  plug 
assumes  a  negati  /e  polarity.  % 

It  takes  less  voltage  to  ca^  electrons  to 
move  from  a  hot  to  a  cold  surfi^  and  since  the 
center  electrode  of  the  plug  is%ways  hott^ 
than  the  side  (ground)  electrode,  current  flow 
must  be  from  the  hot  center  electrode  to  the 
cooler  side  electrode.  By  giving  the  center 
electa'ode  a  neptive  polarity,  cunent  will  flow  in 
this  manner,  as  shown  in  figure  10^74. 

If  the  coil  is  connected  so  that  polarity  is  re- 
versed (s^k  plug  center  electrode  positive),  up 
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to  40  per  cent  more  voltage  is  required  to  fire 
the  plugs.  This  could  result  in  hard  starting, 
mi^g,  and  eventual  coil  failure.  Testing  for 
correct  coil  polarity  with  the  engine  running  is 
covered  later  in  this  chapter. 

DISTRIBUTOR  CAP.-Remove  each  sparic 
phig  lead  (one  at  a  time)  from  the  cap.  Check 
for  corro3ion>  signs  of  buming»  or  flashover. 
Collision  can  be  removed  as  previou^y  de- 
scrit^  for  ignition  coils.  If  any  sign  of  fladiover 
is  ptiaentf  replace  the  cap.  When  the  leads  are 
ttpiMQ^d,  insure  that  they  are  clean  and  are  fully 
.  seat^^in  the  towers. 

-  Remove  the  cap  from  the  distributor  an^  ^tum 
^  it  upskte  dowli.  If  signs  of  burning,  cracking,  or 

flashover  are  pr^nt  at  tiie  center  contact  or  the 
q>ark  ptt^  terminal  posts,  the  cap  must  be 
replaced.  Qiedc  the  spark  plug  terminal  posts 
and  the  rotV  tip  for  excessive  scoring  or 
bumii^c.  Mild  8^Uii^»  caused  by  the  high  voltage 
jumping  from  me  rotor  to  the  terminal  poste, 
can  be  removed  w  lightly  scraping  the  terminal 
posts.  \ 

BREAKER  POINTS.-With  the  ignition 
switch  ofT>  separate  the  points  and  check  their 

-  condition;  a  dull,  slate  gray  color  is  normal  If 
they  have  metal  transfer  (pitting)  or  are  bumed> 
they  must  be  recced.  Breaker  points  must  not 
be  filed  to  correct  pitting. 

BREAKER  CAM.-If  the  surface  of  the  cam  is 
rouq^  or  pitted,  or  the  cam  lobes  show  excessive 
wear,  the  cam  must  be  replaced. 

SECONDARY  WIRING.-If  the  spark  plug 
leads  are  oily  or  dirty,  they  must  be  cleaned.  If 
signs  of  cracking,  swelling,  burning,  or  other 
damage  are  present,  the  leads  must  be  replaced. 

After  making  the  visual  inspection  and.  cor- 
recting any  defects  that  were  noted,  if  the  en- 
gine is  still  hard  to  start  or  will  not  start  at  all, 
the  following  tests  can  be  made  to  locate  the 
defects* 

System  Tests 

Remove  the  secondary  coil  lead  from  the 
distributor  cap  and  hold  it  approximately 
3/16-inch  from  ground  while  cranking  the  en- 
gine, and  observe  the  spark.  A  bright  blue  spark 
indicates  proper  operation  of  the  primary  circuit 
and  the  secondary  winding  of  the  ignitiok  coi}. 


(B) 


mm 


(C) 


AS.907 

Figura  10-7S.-VoHnMtM'oomwetiontfor 
rtsitttnet  tMt*  of  th*  primtry  circuh. 
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Troubleshooting  can  be  limited  to  the  distribu- 
tor cap,  rotor,  spark  plug  leads,  and  spark  plugs. 
A  yellow  spark  indicates  that  the  malfunction  is 
in  the  primary  circuit  or  the  secondary  winding 
of  the^ition  coil.  | 

PRIMARY  CIRCUIT  TESTS.^Three  basic 
voltmeter  tests  can  be  made  to  isolate  high 
resistance  areas  or  components  in  the  primary 
circuit.  \ 

NOTE:  The  voltage  reading^Wid  lest  connec- 
tions used  here  are  for  a  repre^ntative  12*volt, 
negative  ground  system.  Always  use  the  test 
specifications  given  by  the  manuifacturer  for  any 
specific  system. 

Test  1.  Battery  to  Coil  Test-Connect  the 
voltmeter  as  shown  in  figure  10-75  (A).  Connect 
a  jumper  wire  from  the  distnbutor  ^nnection 
of  the  coil  to  ground. 

With  the  ignition  switch  on  and  the  points 
closed,  voltage  drop  should  not  exce^  6.9  volts. 
If  the  drop  exceeds  6.9  volts,  a  h^  re^tanc^ 
exists  in  the  resistor,  ignition  switch,  or  the 
wiring  between  the  battery  and  the  coil.  A  drop 
of  le^  than  4.S  volts  indicates  a  shorted  resistor. 

Test  2.  Starting  Ignition  Circuh  Test.-Con- 
nect  the  vdtmeter  as  shown  in  fi^re  10-75  (B). 
Remove  the  se(x>nd^  ceil  wire  from  the 
distributor  cap  and  groiind  the  wire. 

With  the  ignition  switch  off,  ^rank  the  engine 
by  placing  a  jumper  wire  from  the  battery 
positive  posf  to  the  S  terminal  of  the  starter 
solenokl  or  relay*  The  voltage/ drop  should  not 
exceed  0.1  volt.  If  the  drop  elxceeds  0.1  volt,  a 
high  resistance  exists  in  the  starter  Glenoid  or 
relay  contacts  of  in  the  wiring  between  the 
starter  solenoid  or  relay  and  the  coil* 

Test  3.  Coil  to  Ground  Test.-Connect  the 
voltmeter  as  shown  in  figure  10-75  (C)* 

V^th  the  ignition  switch  on  and  the  points 
closed,  the  voltage  drop  should  not  exceed  0.1 
volt*  If  the  drop  exceeds  OJ  volt,  a  high 
resbtance  exists  either  in  the  coil  to  distributor 
wire,  the  engine  to  frame  ground  strap,  the 
distributor  to  engine  mounting,  the  breaker 
plate  to  distributor  housing  mounting,  or  in  the 
breaker  points/ 

When  the  malfunction  has  been  isolated  to 
one  area,  contmue  with  testing  of  that  area, 
using  the  procedures  discussed  in  chapter  9  of 
this  mMiual  to  locate  the  defect* 
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If,  after  these  tests  have  been  made,  the 
malfunction  has  not  been  located,  remove  the 
coil,  resistor,  and  condenser  and  test  separately 
using  the  appropriate  test  equipment  discussed 
in  chapter  9  of  this  manual. 

SECONDARY  CIRCUIT  TESTS.^If  prelimi- 
nary testing  indicates  that  the  malfunction  is  in 
the  secondary  circuit,  the  defect  can  be  located 
by  making  these  tests: 

Test  l.-Use  a  megger  (discussed  in  chapter  9) 
and,  following  the  instructions  provided  with  it, 
test  the  distributor  cap,  rotor,  and  sparic  plug 
leads  for  insulatidn  breakdown,  cracks,  or  O^ns. 

Test  2*-Remove  and  thorouj^y  examine  the 
spark  plu^.  Figu^  10-76  illustrated  some  types 
of  fouling  and  damage  that  may  be  ena>untered* 
A  plug  that  exhibits  any  of  the  o^ndittons 
shown  in  f«ure  10-76  except  F,G,  and^,  may 
be  reconditioned  and  reused.  Reconditiomng  is 
covered  later  in  this  chapter.  A  plug  exhibiting 
any  of  the  conditions  in  F,  G,.or  H,  mustNbe 
replaced,  and  the  cause  for  the  damage  must  be 
coitected. 

Repiir  ami  Adjustment  '  ^ 

The  repairs  and  adjustments  that  are  required 
on  a  batteiy  ^tion  system  are  comparatively 
simple  to  perform,  bu^  in  order  to  achfeve  good 
equipment  performance  and  economic  opera- 
tion, care  must  be  exercised  and  correct  proce- 
dures followed.  . 

DISTRIBUTOR*-Replacement  of  the  breaker 
points  can  be  accomplished  with  the  distributor 
installed,  but,  generally,  it  is  better  to  remove 
the  distributor  from  the  engine.  This  not  only 
makes  access  ,  to  the  breaker  points  easier,  it  also 
enables  the  ASE  to  inspect  and,  if  necessary, 
repair  other  components  of  the  distributor. 

With  the  distributor  cap  ren^ved,(scribe  a  Une 
across  tke  3unct\on  of  the  distributor  housing 
and  the,  engine  block,  and  one  on  the  distributor 
housing,  m  line  with  the  center  pf  the  rotor 
contact  sCrip.  Disconnect  the  primary  lead  and, 
if  used)  tM  vacuum  advance  Vacuum  line.  Re- 
move the  distributor  holddown  bOlt  and  clamp 
and  remove  the  distributor  froni  the  engine. 

Gamp  the  distributor  in  a  so^t  jawed  vise, 
taking  care^yort  to  damage  the  drive  gear  or 
housing. 
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BREAKER  ARM 


COIITACTS 


STATIONAftY 
POmr  ?UTE 


OVER  CAMCI7Y 


UNDER  CAPACITY 


Figm  10-77.--Efftf^  of  Inoormt  ocMHteimr  capacity. 
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Befcm  attempting  to  remove  the  beaker, 
points,  with  the  distributor  on  or  off  thy  engine; 
^ff  small  rags  in  any  hote  or  openii^  in  the 
breaker  plate,  through  which  small  screws  or 
mats  migte  fall,  and  mte  the  l^aiidn  and 
position  oi  the  primary  lead-in  awl  condenser 
wii^  before  disconnecting  them.  -/ 

Remove  the  used  points;  thoroMghly  clean  the 
mountbig  area  yd  the  breaker  ;:am,  and  install 
the  replacement  points.  / 

Replacen^nt  of  the  coifddiser  is  generally 
acoHiiid^l^  at  the  same  time  the  points  are 
replied.  However,  if  the/condenser  is  to  be 
reused,  it  should  be  testra  for.caimcity,  resis- 
tance, and  leakage,  uwu  a  condenser  tester  of 
the  type  discu^  in  chwter  9  of  thfe  manual*  If 
a  new  condenser  is  us^,  it  should  also  be  tested 
and  the  results  compared  to  the  manufacturer's 
specifications  for  th0  equipment  at  hand.  < 

As  ^own  in  f^re  10-77,  a  (^ndenser  of 
incorrect  capacity  will  cause  heavy  arcmg  across 
the  points,  and  metal  transfer  from  one  contact 

to  the  otter.  „  ^ 

With  the  points  and  the  condenser  mstalled, 
rotate  the  breaker  cam  until  the  points  are 
closed,  and  check  the  aUnement  of  the  contacts. 
If  both  contacts  are  flat,  the  entire  surface 
^Hhl  contact  at  the  same  time.  If  both 
contactt  are  convex,  or  if  one  is  flat  and  the 
other  convex,  contact  ^ould  be  in  tl»  center.  If 
alinement  is  incorrect,  bend  the  stationaiy  con- 
tact bradcet  to  provide  correct  dement*  Nev^ 
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attempt  to  aline  the  points  by  bending  the 
im>vableann. 

Points  gap  (amount  of  opening  between  the 
contecte  when  the  points  are  fiitty  opened  by 
the  breaker  cam)  is  mtical  and  must  be  ^>sdy 
set.  If  the  gap  is  too  small,J^  points  arc  ahd 
bimi;  if  the  gap  is  excessiv^^turatk>n  tin^  for 
the  coil'  is  reduced  zn/  high  s|>eed  mis^ 
occurs. 

The  pp  foi'  new  points  may  be  set  initiatty 
with  a  feeler  gage*  This  is  dcnie  by  turnhig  the 
breaker  cam  until  the  point  rubbing  block  k  on 
the  hq^est  point  of  a  cam  lobe,  and  moving  ^ 
stationary  point  plate  until  a  feeler  gage  of  the 
correct  thickness  (refer  to  manufacturer's  npe- 
cificatipns)  ^  a  snug  fit  between  the  contacts^ 

As  shown  in  figure  10-78,  used  points  cannot 
^  gapped  accurately  with  a  f^ler  gage  became 
the  g^  measures  between  the  h^  n>ols  wMe 
the  actual  point  opening  is  much  peater.  Note 
that  a  M  5  feeler  gage  is  a  snug  fit,  but  the  actu- 
al gap  is  .022*  The  cmtct  m^^thod  of  6bt»l^ 
the  necessary  accuracy  for  setting  used  poinU 
to  use  a  dwell  meter. 

Dwell,  often  called  cam-«ng}e,  liefers  to  ^ 
dtetance,  in  dtgitt^  of  breaker  oun  rototkmp 
that  the  breaks  cam  revolves  from.the  time  thk 
points  close  until  they  are  opened  again  (fig. 
10-79).  The  dwell  for  any  given  set  of  breaker 
points  is  controlled  by  the  pcunt  gap,  so  the  two 
must  be  considered  together. 
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FEELER 
GAGE 
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FIgurt  10-78.*FalM  fitting  givtn  by  fttltr 
I  for  utad  tiolfits. 


As  can  be  seen  by  referring  to  figure  10-79»  if 
point  pp  is  decreased,  dweU  increases;  if  point 
gap  is  uio-easedf  dwell  d^reases.  Thus,  point  gap 
and  dwell  are  indirectly  proportional. . 

The  use  of  a  dwell  meter  to  check  and  set 
points  is  cohered  later  in  this  chapter. 

Once  the  point  gap  has  been  set,  the  breaker 
arm  spring  tension  should  be  checks  using  an 
accurate  ounce  scale.  If  the  pressi^  is  excessive, 
rapid  wearing  of  the  rubbing  bk>ck  will  cause  the 


point  gap  to  narrow,  retarding  the  engine  timing 
and  increasing  the  dwell.  Too  low  a  pressure  will 
cause  the  points  to  bounce,  creating  a  high  speed 
miss.  t 

With  the  rubbing  block  positioned  on  the  low 
point  between  cam  lobes,  hook  the  scale  at  the 
contact  point  edge.  Pull  at  rigl^t  angles  to  the 
movable  arm  and  check  the  pressure  just  as  the 
points  separate,  and  compare  to  the  manufactur- 
er's specifications.  If  the  pressure  is  incorrect, 
refer  to  the  applicable  maintenance  manual  for 
adjustment  i^ocedures.  Insure  that  all  wires  ^e 
correctly  connected  and  clear  of  all  moving 
parts.  Remove  rags  that  were  used  to  plug 
openings. 

Apply  a  thin  coat  of  high  temperature  grease 
to  the  breaker  cam.  Do  not  use  enable  oil  or  low 
temperature  grease  as  it  will  be  thrown  off  and 
onto  the  points.  On  distributors  equipped  with  a 
felt  wick  type  oiler  under  a  lift-off  type  rotlSt , 
moisten  with  engine  oil-3  to  5  drops.  Lubricate 
the  ^int  pivot  pin  and  bushink  the  centrifi^ 
advance  mechanism,  and,  if  required,  the  break- 
er plate  bearing  surfaces  very  lightly  with  engine 
oil.  If  an  oiit^de  oiler  is  provided,  apply  5  to  7 
drops  of  engine  oil. 

CAUTION:  Lujbricate  distributer  parts  spar- 
ingly to  avoid  getting  it  on  the  points  because 
lubricant  causes  rapid  burning  of  the  points. 

Jf  a  distributor  test  machine  (discussed  in 
chapter  9  of  this  manual)  is  available,  it  should 
be  used  to  check  the  distributor  for  dwell, 
vacuum  and  centrifugal  advance,  pdint  bounce. 
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bent  shaft,  worn  bushings,  worn  breaker  cam, 
etc. 

If  the  distributor  was  marked  before  removal 
as  (previously  indicated  and  the  engine  has  not 
been  cranked  since  the  distributor  was  removed, 
installation  is  simple,  ^ne  the -rotor  with  the 
scribe  mark  on  the  distributor  housing,  aline  the 
scribe  marks  on  the  housing  and  engine  block, 
and  insert  the  distributor.  As  the  distributor 
drive  gear  meshes  with  the  camshaft  gear,  the 
rotor  wUl  turn  a  small  amount.  Pull  the  distribu- 
tfor  up  far  enough  »  disengage  the  gear  and  turn 
the  rotor  back  far  enough  to  compensate  for  the 
turning  and  push  down  again.  When  the  hoi^ng 
is  flush  against  the  block,  the  scribe  lines  should 
be  lined  up.  If  they  are,  instaU  the  holddown 
bolt  and  clamp,  and  lock  the  distributor  in 
place. 

If  the  distributor  will  not  bottom,  do  not 
attempt  to  force  it  down.  The  distributor  shaft 
is  not  alined  with  the  oil  pump  shaft  slot  or 
tang.  Hol^  firm  pressure  on  gie  distributor  and 
(srank  the  wgine-wheh  the  snafts  line  up,  the 
distributofx^r^drop  into  place. 

If  the  engine  was  cranked  while  the  distribu- 
tor was  out,  remove  the  number  one  spark  plug 
'^^'^  and  crank  the  engine  until  compression  can  be 
felt,  and  continue  to  turn  the  en©ne  until  the 
timing  marks  (located  on  the  crankshaft  vibra- 
tion dampener  or  flywheel)  are  lined  up  with  the 
stationary  ik)inter.  The  engine  is  now  ready  to 
fire,  the  number  one  cylinder.  Aline  the  hous- 
ing-to-block scribe  marks  and  turn  the  rotor  to 
aline  with  the  number  one  spark  plug  tower  on 
the  distributor  cap-points  just  starting  to  open* 
Insert  the  distributor  and,  as  previously  de- 
scribed, pull  up  and  adjust  for  rotor  movement 
as  the  gears  mesh*  When  the  installation  is 
correct,  the  distributor  will  be  fully  bottomed, 
_.j?oiflts  just  opening,  and  the  rotor  pointing  to 
the"  number  one  spart  plug  towfer  on  the 
distributor  cap.  TWs  initial  timing  setting  jSvill 
suffice  for  starting  the  engine.  j 

To  time  the  engine  to  manufacturer's  specifi- 
cations, clean  all  the  grease  and  dirt  from  the 
timing  mark  and  reference  pointer.  Draw  a  chalk 
lintf  over  the  timing  mark  to  make  it  more 
visible.  Connect  the  timing  light  to  the  high-ten- 
sion lead  of  the  No.  1  spark  plug  and  the  power 
leads  to  the  power  supply.  Connect  la  tachome- 


ter, if  available,  to  the  primary  circuit  of  the 
distributor.  Warm  the  engine  to  normal  opera- 
ting temperature  and  adjust  the  idle  speed.  Aim 
the  timing,  light  flashes  at  the  timing  mark  and 
reference  pointer.  If  the  timing  mark  and  point- 
er do  not  line  up,  loosen  the  distributor  and  turn 
it  in  its  mounting  until  the  timing  mark  does 
aline  with  the  pointer,  then  secure  the  distribu- 
tor.-Also  check40-see4f4he-automatic  advance 
mechanisnjjs  working.  This  is  accomplished  by 
keeping  thf,  timing  light  iim^^t  the  Urnng 
mark  and -gradually  increasingWfcngii^$peed. 
If  the  advance  mechanism  is  workings  the  timing 
mark  should  gradually  move  away  from  the 
pointer.  If  the  timing  mark  fails  to  move  as  the 
engine  speed  is  increased,  or  if  it  hesitates  and 
then  suddenly  jumps,  the  advance  mechanism  is 
not  functioning  properly  and  must  be  repaired. 

A  quick  simple  check  for  correct  coil  polarity 
can  be  made  using  an  ordinary  wooden  pencil,  as 
shown  in  figure  1 J-80. 

Place  a  piece  of  rubber  hose  over  the  pencil  to 
prevent  the  possibility  of  electrical  shock.  Re- 
move an/  one  of  the  spark  plug  wires;  place  the 
lead  ^6f  the  pencil  between  the  spark  plug  wire 
and  then?lug.  Start  the  engine  and  observe  the 
spark-if  it  flares  or  has  a  yellow  tinge  on  the 
wire  sidfe,  polarity  is  reversed;  if  it  flares  or  has  a 
yellow  tinge  on  the  plug  side,  pdarity  is  correct. 

Point  gap  or  dwell  must  be  set  before 
attempting  to  time  the  engine,  as  changing  the 
gap  will  change  the  timing. 

If  used  points  arp  to  be  reused,  or  the  gap 
setting  is  to  be  checked  with  the  distributor 
installed,  connect  a  dwell  meter  (following 
instrument  manufacturer's  instructions)  and, 
with  the  engine  idling,  check  the  dwell.  Compai^ 
the  dwell  reading  with  the  manufacturer's  speci- 
fications and,  if  incorrect,  the  point  gap  must  be 
adjusted. 

Remove  the  secondary  coil  lead  from  the 
distributor  cap  and  ground  it.  Remove  the 
distributor  cap  and  rotor.  With  the  dwell  meter 
connected  as  before,  crank  the  engine  and  adjust 
the  points  as  necessary  (while  cranking)  to 
obtain  the  correct  dwell.  Replace  the  rotor,  and 
distrijbutor  cap  and  reconnect  the  coil  secondary 
lead.  Start  the  engine  and  check  the  tfwell-it 
should  not  have  changed  more  than  3  deg^es.  If 
a  greater  change  is  noted,  the  distributor  has 
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worn  bearings  or  a  worn  cam  and  should  be 
removed  for  repair. 

SPARK  PLUGS.-When  plugs  receive  periodic 
cleaning  and  gapping,  they  will  function  better 
and  last  longer* 

Spark  plug  wires^  should  be  carefully  removed 
by  grasping  them  close  to  their  terminals  for  the 
pull.  Do  not  **jerk"  them  from  the  spark  plug 
terminal.  Loosen  each  plug  one  or  two  turns, 
then  use  low-pressure  compressed  air  to  blow 
out  any  dirt  around  the  spark  plug  hole.  This 
will  prevent  foreign  matter  from  entering  the 
cylinder 

Remove  the  plugs,  being  sure  that  the  gaskets 
(where  used)  are  also  removed.  As  the  plugs  are 
removed,  keep  them  in  order  so  that  any 
peculiar  condition  oT  any  plug  can  be  related  to 
a  specific  cylinder.  . 

The  plugs  shoWn  in  figure  10-76  are  some 
examples  of  plug  conditions  that  may  be.  en- 
countered. The  cause  for  each  is  discussed 
below. 

(A)  is  from  a  mechanically  sound  engine, 
mnning  at  the  correct  temperature.  Some  depos- 
its, light  tan  or  gray  in  color,  are  present;  but 
there  is  no  evidence  of  burning:  Some  gap 
growth  will  have  occurred,  but  not  in  exceiSive 
amounts. 

^  (B)  is  from  an  engine  having  excessive  com- 
bustion chamber  deposits  that  shed  off  when 
normal  con^bustion  temperature  was  restored  by 
the  installation  of  new  plugs.  This  is  most 
prevalent  in  engines  operated  at  slow  speeds  and 
in  start-stop  driving. 

(C)  is  from  a  cold  running  engine.  The 
deposits  are  unbumed  fuel. 

(D)  is  from  an  engine  that  was  running  too 
hot  due  to  over-advanced  timing,  or  to  cooling 
system  blockage. 

(E)  is  from  an  engine  vising  excessive  amounts 
of  oil.  The  plug  is  drowned  in  oil  that  was 
bypassed  through  the  rings  or  valve  guides. 

(F)  is  from  an  en^ne  that  had  severe  preigni- 
tion  (fuel  cha^  being  ignited  by  an  overheated 
pliig,  piece  of  glowing  carbon,  hot  valve  edge, 
etc,  before  the  spark  plug  fires),  and  the  damage 
shown  resulted  from  temperatures  in  the  com- 
bustion chamber  in  excess  of  2,700"*  F.  The 
accompanying  excessive  combustion  chamber 


pressures  probably  damaged  other  components 
of  the  engine  also.  .    .  ^ 

(G)  is  from  an  engine  that  was  running 
normally.  The  damage  was  caused  by  the  me- 
chanic attempting  to  bend  the  ceirter  electrode. 

(H)  is  from  an  engine  which  had  some  foreign 
object  in  the  combustion  chamber. 

The  plugs  shown  in  (F)/(G),  and  (H),  cannot 
be  reused^  but  the  others  can  be  reconditioned. 


ftlOMT 
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Figure  10-80.-On«  method  of  checking  coil 
polarity. 


AS.460 

Figure  lO^I.-Sperk  plug  cleaning  end  testing 
machine. 
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Before-  attempting  to  clean  a  plug,  any  oily 
deposits,  must  be  removed  with  an  approved 
solvent.  This  is  to  prevent  the  cleaning  material 
^from  being  soaked  and  packed  into  the  area 
around  the  center  electrode  insulator. 

A  machine  of  the  type  shown  in  figure  10-81 
is  used  to  clean  (sand  blast)  and  test  the  ^pai^ 
plup. 

Following  the  machine  manufacturer's  oper- 
ating instructions,  clean  the  plugs,  blasting  only 
long  enough  to  remdve  the  depcmts.  Prolonged 
blasting  will  damage  the  center ^ledtrode  insula-  * 
tor. ,  i   

Once  cleaning  is  coiiipleted,  the  electrodes 
'  must  be  filed  clean  and  square,  as  the  machine 
blast  will  not  clean  this  area.  If  the  electrodes 
are  not  filed  clean,  the  required  vcrftage  will  still 
be  high  and  the  plug  may  misfire. 

Using  a  fme  cut  point  file,  file  the  end  of  the 
center  electrode  flJiLFile  the  side  electrode  flat 
and  the  end  squarc^Thi^  produces  clean,  sharp 
edges  that  improve  plug  performance.  Remove 
only  enough  metal  to  clean  and  square  the 
electrodes. 

Using  a  round  wire  gage»  not  a  feeler  gage»  set 
the  g?p  tO!  manufacturer's  specifications  by 
bending  the  side  electrode. 

Testing  sparic  plugs  outside  the  engine  can  be 
very  misleading.  There  is  no  .true  relationship 
between  firing  a  plug  in  compressed  air  at  room 
temperature,  which  is  the  condition  in  the 
testing  unit,  and  firing  a  plug  in  an  operating 
engine.  In  the  operating  engine,  voltages  are 
hi^er,  air-fuel  mixtures  are  present,  and  the 
high  temperatures  in  the  cylinders  aid  ignition. 
If  these  factors  are  kept  in  mind,  spark  plugs  can  . 
be  successfully  tested.  } 

Do  not  discard  plugs  which,  show  a  bluish  / 
light  just  above  the  shell  while  they  are  being 
tested.  This  is  a  corona  discharge  caused  by  the 
pres^ce  of  a  high-tension  field!  It  does  not 
affect  plug  performance.  Make  sure  the  insulator 
^is  clean  and  dry  before  testing.  If  a  sparic  comes 
through  the  insulator  to  the  pUig  shell,  it  is  an 
indication  that  the  insulator  is  cracked.  Some- 
times this  cradc  is  hidden  inside  the  shell  where 
it  cannot  be  seen.  In  many  cases,  movement  of 
the  insulator  can  be  detected  by  hand  pressure. 
-  When  replacing  plugs,  selection  of  the  proper 
heat  range  is  one  of  the  most  important  consid- 
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erations.  .The  spark  plug  heat  range  Iw^st^sAed 
can  be  found  by  checking  the  manufacturer's 
•manual,  except  in  special  cases  where  engine 
operation  is  abnormal.  In-special  cases,  or  when 
the  proper  pllig  cannot  be  obtained,  check  with 
your  supervisor  to  determine  which  is  the  best 
plug  available  for  the  particular  engine. 

Always  use  new  gaskets,  if  ^kets  are  re- 
quired, when  installing  spark  plugs.  The  gasket 
performs  two  important  functions-it  maintains 
a  gastight  seal  between  the  plug  and  its  seatfand 
most  of  the  heat  absorbed  by  the  insulator  tip 
from^  the  bunmig<fuel  in  the.cdmbustion  ^ham- 
bef  passes  through  the  gasket. 

When  installing  spark  plu^,  use  a  torqw^ 
wrench  and  tighten  tbtm  to  the  torque  specified 
by  the  engine  manufacturer.  If  the  gasket  is  not 
tihtly  seated,  the  spark  p%  will  become 
overheated.  If  the  gasket  is  flattened  out  too 
much,  ♦he  shell  may  become  Wstorted  and 
damage  the  insulator.  \ 

WATERPROOF  IGNITION  SYSTEMS 

Since  many  vehicles  must  operate  under  very 
wet  conditions,  it  may  be  necessary  to  water- 
proof the  ignition  system.  Waterptoofmg  means 
that  the  system  must  be  so  watertight  that  the 
components  continue  to  function  normally  even 
while  totally  immersed. 

,  The  distributor  and  ignition  coil  (fig.  10-82) 
are  sealed  in  a  common  housing  and  enclosed  by 
^  a  common  cover.  This  unit  also  has  a  means  of 
'  ventilating  the  distributor,  thus  preventing  con- 
densation and  the  formation  of  harmfu'  chemi- 
cals. Ventilation  is  accomplished  by  connecting 
two  tubes  to  the  distributor,  one  leading  to  the 
air  cleaner  (from  which  dean  air  can  be^obtained) 
and  the  other  to  the  intake  manifold.  The  intake 
manifold  vacuum  causes  air  to  pass  through  the 
distributor  from  the  air  cleaner,  thus  keeping, 
the  distributor  well  ventilated. 

The  various  leads  in  the  ignition  system  are 
enclosed  in  a  watertight  conduit.  This^  conduit 
prevents  moisture  fr6m  getting  to  the  leads,  thus 
preventing  insulation  deterioration  fronv  this 
cause.  Repair  and  maintenance  of  waterproof 
ignition  systeifts  is  similar  to  that  on  convention- 
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Fiflura  10*K.-W«terpn>of  ignition  system 
al  systems.  Tlie  same  tests  ^nd  checks  should  be 
made.^but  in  most  cases  special  adapters  for  use 
on  the  waterproof  tonnections  are  furnished 
with  the  test  equipment.  When  replacing  any 
connection  ^n  the  waterproof  system,  make  sure 
the  gaskets  and  seals  are  in  good  condition,  and 
that  waterproof  integrity  is  maintained. 


LIGHTING  SYSTEMS 

The  lighting  system  consists  of  all  the  lights 
necessary  for  an  equipment  to  accomplish  its 
ass^ed  job,  and  includes  control  and  protec- 
tion  devices  for  lighting  circuits. 

HEADLIGHTS 

A  cutaway  view,  of  a  sealed  beam  headlight  is 
shown  in  figure  10-83.  In  this  type  of  light,  the 
filament,  reflector,  and  lens  form  a  single  unit. 
The  \init  is  completely  sealed  so  the  reflector 
does  not  become  tarnished  and  the  light  output 
is  not  seriously  affected  ty  age.  The  filament  is 
.  correctly  focused  in  relation  to  the  lens  and 
reflector  by  the  manufacturer,  aftd  the  aline- 
ment  (aiming)  is  the  only  adjustment  that  can 
be  made.  Connection  into  the  circuit  is  made  by 
blade  type  connectors  and  a  bayonet  pli^. 
-  Two  filaments  are  provided  in  the  sealed 
beam  unit-one  provides  an  upper  or  high  tjeam, 
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Figure  10-83.-Cut«way  vim  of  •  smM  b$m 
he^lioht. 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


AS.912 


Figure  10^4.-Seat6d  beam  headtlght  insuMation. 


and  the  other  provides  a  depressed  or  low  beam. 
When  either  filament  burns  out,  corrective  ac- 
tion requires  that  the  whole  unit  be  replaced. 
However,  the  sealed  beam  unit  has  a  greater 
filanient  life  expectancy  than  other  types  of 
bulbs,  and  requires  no  maintenance  during  its 
lifetime. 

On  some  units  of  ground  support  equipment 
the  headlights  have  only  one  filament,,  and 
instead  of  blade  connectors  for  a' bayonet  plug, 
they  have, screws  for  connection  of  the  leads. 

Some  modern  equipment  utilizes  four  head- 
lights-two on  each  side.  The  inboard  units  have 
the  numeral  1  embossed  on  the  lens,  and  the 
outboard  units  have  the  numeral  2  embossed  on 
the' lens.  The  number  1  unit  has  only  one 
filament  and  a  two-blade  connector;  the  number 
2  unit  has  two  filaments  (as  in  the  single  unit 
described  above)  and  a  three-blade  connector*. 
When  high  beam  is  selected,  the  inboard  tinit 
provides  a  high  intensity,  far  reaching  beam, 
while  the  off-focus  of  the  outboard  units  illumi- 
nates the  area  directly  in  front  of  the  vehicle. 
When  o  the  lights  are  switched  to  low  beam 
(dimmed),  the  inboard  units  are  turned  off  and 


only  the  low  beam  filaments  of  the  outboard 
units  are  used. 

To  aline  the  headliglits,  various  types  of 
special  alinement  equipment  may  be  used.  Al- 
ways follow  the  equipment  manufacturer's  in- 
structions for  their  use. 

When  replacement  of  a  sealed  beam  unit 
becomes  necessary,  remove  only  the  screws  or 
springs  holding  the  unit's  retainer  ring-do  not 
m6ve  the  alinement  screws.  (See  fig.  10-84.) 


MISCELLANEOUS  LIGHTS 

The  bulbs  (lamps)  used  in  these  lights  will 
generally  be  of  one  of  the  types  shown  in  figure 
10-85--singIe  contact,  single  filament;  or  double 
contact,  double  filament.  Both  types  arc  provid 
ed  with  nibs  to  lock  into  bayonet  sockets. 

Ho\v£ver,  as  some  special  purpose  lightbulbs 
are%  use,  always  replace  a  lightbulb  with  one  of 
the  same  type,  and  if  there  is  any  doubt  as  to 
the  type  to  be  used,  refer  to  the  applicable 
maintenance  manual  to  obtain  the  correct  type. 
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Instrument  Lights  j 

Ordinarily,  indirect  lighting  is  i^ed  for  the 
instrument  lights  which  are  on  w|ienever  the 
light  switch  is  in  any  of  the  ON  positions.  Many 
vehicles  are  equipped  with  an  instriument  panel 
light  switch  so  that  the  instrumenlj  panel  lights 
can  be  dimmed  br  turned  off  when  desired. 


Parking  Lights 

The  smaller  lights  used  for 
times  located  immediately  above 
main  headlights.  Side  lights 
parking  lights.  The  parking  light  sN^^itch  is  incor- 
porated into  the  main  light  switch. 


parking 
6t 


are  some- 
below  the 


sometimes  serve  as 
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TaiUights  and  Stoplights  j 

i 

Taillights  and  stoplights  are  ordinarily  com- 
bined, with  two  lightbulbs  contained  in  a  single 
housing  with  a  red  lens.  A  largbr  lightbulb 
(about  15  candlepower)  is  used  for  the  stoplight, 
and  a  smaller  lightbulb  (about  3  candlepower)  is 
used  for  the  taillight,  Taillights  and  stoplights 
are  sometimes  enclosed  in  a  singlle  ligjitbulb 
haying  a  double  filament.  Tailligiits  are  on 
whenever  the  light  switch  is  in  any  of  the  ON 
positions. 


Backup  lights 

When  a  backup  light  is  used,  ii  is  mounted  so 
as  to  direct  light  to  the  rear  of  the  vehicle.  It  is 
arranged  and  wired  so  that  a  switch  turn?  it  on 
when  the  gearshift  lever  is  put  into  reverse 
position. 


Spotlights 

Spotlights  are  similar  in  construction  to  head- 
lights (sealed  beam).  They  are  designed  to 
project  a  beam  for  a  great  distance  ahead  md  are 
constructed  so  that  the  light  can  be  aimed  by 
the  vehicle  operator.  They  are  valuable  for 
illuminating  work  or  other  areas  in  which  the 
equipment  is  being  used. 


Blackout  Ligl^ 

Blackout  lights  are  used  to  enable  a  vehicle  to 
move  at  night  without  being  observed  from  the 
air.  These  lights  provide  sufficient  illumination 
to  enable  units  in  a  convoy  to  keep  in  line  while 
progressing  at  slow  speeds.  Two  blackout  head- 
lights, two  blackout  taillights,  and  a  blackout 
stoplight  are  provided  for  this  illumination.  All 
othef  lights  in  the  vehicle  are  off  when  the 
blackoiit  lights  are  on.  Blackout  driving  and  rear 
marker  lights  are  ^hown  in  figure  10-86. 

SWITCHES 

In  most  vehicle  installations,  the  lighting 
circuits  are  arranged  so  that  the  headlights, 
parking  lights,  taillights,  and  instrument  lights 
are  controlled  by  one  switch  (main  light  switch), 
and  the  switch  will  be  of  either  the  inish-pull 
type  or  push-pull  with  a  rotary  contact  type. 
The  rotary  contact  is  a  rheostat,  actuated  by 
rotating  the  switch  knob,  and  is  used  to  control 
the  intensity  of  the  instrument  lights.  These 
type  switches,  as  shown  in  figure  10-87,  have 
three  positions- off,  park,  and  head.  Regardless 
of  the  type  used,  it  is  located  on  the  instru- 
ment/control panel  within  easy  reach  of  the 
operator. 


Figure  10-85.-Commonly  used  lightbulbs. 
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DOOR  GASKET 
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SEALED  BEAM 
LAMP  UNIT 


DOOR  ASSEMBLY 
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REAR  MARKER 


GROUND  WIRE 
DRIVING 


Figure  10-86.-RMr  marker  and  blackout  driving  lights. 


Vehicles  provided  with  blackout  lights  have  a 
special  blackout  light  switch  which  incorporates 
the  operation  of  the  service  lights  and  blackout 
lights  in  one  unit.  This  switch  is  shown  in  figure 
10^8  with  its  connections  to  the  various  units 
in  the  lighting  system.  The  plunger  knob  has 
three  positions-OFF,  BLACKOUT  LIGHTS, 
and  SERVICE  LIGHTS,  In  its  second  or  middle 
position,  the  switch  tunis  the  blackout  lights  on, 
keeping  all  other  lights!  off.  The  plunger  knob 
cannot  bd  pulled  out  td  its  third  position  until 
the  safety  lock  button  is  pushed  in.  This  safety 
feature  prevents  any  li^ts  visible  from  above 
being  accidentally  turned  on  during  a  blackout. 
In  the  third  position,  with  the  plunger  knob 
.  pulled  all  the  way  out,  the  service  lights  are  on 
and  operate  normally  as  previously  descriucd.  A 
trailer  connection  is  provided  to  operate  tail- 
lights  on  the  rear  of  the  trailer.  These  are  on 
when  the  switch  is  in  either  the  second  or  third 
position. 


-THERMAL  OVERLOAD  RELAY 
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Figure  1(^87.-Main  iight  SMfitch. 
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Vehicles  that  are  equipped  with  dual  filament 
headlights  are  provided  with  a  switch  to  allow 
the  operator  to  select  high  or  low  beams 
(dimmer  switch).  It  is  a  foot-operated  pushbut- 
ton type,  located  on  the  floorboard. 
.  The  stoplights  arc  controlled  by  a  switch  that 
is  actuated  whenever  the  vehicle*s  service  brakes 
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are  applied.  It  may  be  located  on  the  master 
cylinder  mount  brackets  and  actuated  by  me- 
chanical linkage,  or  in  the  hydraulic  system  and 
actuated  by  hydraulic  pressure. 

RELAYS 

Due  to  the  limited  voltage  available  in  auto- 
motive lighting  circuits,  resistance  of  the  wiring 
must  be  kept  to  a  minimum  to  provide  lighting 
of  sufficient  intensity.  Some  systems  accomplish 
this  by  using  heavy  gage  wire,  and  others 
accomplish    this    by    using  relays. 

By  placing  the  relay  in  such  a  position  that 
only  short  runs  of  heavy  gage  wire  is  necessary, 
voltage  loss  in  the  wiring  is  reduced,  the  cost  of 
the  wiring  is  reduced,  and  since  the  main  light 
switch  and  dinuner  switch  carry  only  low 
control  current,  voltage  loss  due  to  burned 
switch  contacts  is  eliminated.  Figure  10-89 


shows  a  wiring  diagram  for  a  system  using  two 
relays-one  for  high  beam  and  one  for  low  beam. 
In  some  systems,  these  two  relays  are  incorpo- 
rated into  one  unit. 

Another  type  of  relay  that  is  used  in  some 
automotive  lifting  systems  is  the  current  limit* 
ing  relay.  These  are  sometimes  referred  to  as 
overioad  relays  or  circuit  breakers,  and  can  be 
found  in  two  types-the  thermal  overload  type 
that  iS'  incorporated  as  part  of  the  main  light 
switch,  and  the  solenoid  type  that  is  mounted 
separately  on  the  vehicle  fire  wall. 

The  construction  and  operating  principles  of 
"delays  are  covered  in  chapter  8  of  this  manual. 

FUSES 

A  fuse  block  is  usually  mounted  behind  the 
instrument  panel  and  contains  fuses  which 
provide  protection  for  the  miscellaneous  lighting 
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circuits.  Fuse  construction  and  operation  are 
covered  in  chapter  8  of  this  manual. 


WIRING 

Maintaining  and  repairing  automotive  vehicle 
electrical  systems  are  among  the  many  duties  of 
the  ASE.  All  vehicles  are  not  wired  in  exactly 
the  same  manner;  hoWever,  once  the  ASE 
thoroughly  understands  the  wiring  circuit  of  one 
vehicle,  he  should  be  able  to  trace  an  electrical 
circuit  in  any  vehicle . 

ELECTRICAL  TROUBLES 

Locating  electrical  troubles  is  the  largest  task 
in  maintaining  and  repairing  electrical  systems. 
When  the  lights  fail  or  the  electric  starter 
becomes  inoperative,  the  ASE  cannot  always 
expect  to  find  the  trouble  to  be  simply  a  dead 
battery  or  faulty  generator.  Many  troubles  are 
due  to  other  causes,  usually  bare  wires  or  poor 
Connections* 

Each  piece  of  automotive  equipment  is  pro- 
vided with  an  operatic  is  and  mamtenance  man- 
ual. The  manual  contains  wiring  diagrams  which 
will  aid  in  troubleshooting  and  repairing  electri- 
cal systems.  The  diagrams  show  how  the  electri- 
cal units  in  the  equipment  are  connected  and  the 
location  of  fuses  and  automatic  switches. 

Many  diagrams  show  a  color  code  for  each 
wire  in^a  particular  circuit.  The  headlight  circuit, 
for  example,  may  have  wires  marked  BK  and  G 
which  would  mean  black  wire  and  green  wire. 
K  Wires  in  another  circuit  could  be  marked  WR  to 
indicate  a  white  wire  with  a  red  tracer.  Whether 
the  diagram  shows  these  designations  or  not,  the 
ASE  will  find  wires  of  the  same  color  connecting 
units  in  an  i;idividual  circuits  That  is  true,  of 
course,  if  the  original  wire  ha^  not  been  replaced 
or  improperly  connected.  Chapter  6  of  this 
training  manual  gives  a  detailed  explanation  of 
uses  of  schematics  and  diagrams. 

ONE-  AND  TWO-WIRE  CIRCUITS 

Tracing  wiring  circuits,  particularly  those  con- 
necting lights  or  warning  and  signal  devices,  can 
become  a  difficiat  task.  Study  the  diagram  in 


figure  10-90.  Branch  circuits  that  make  up  the 
individual  systems  have  one  wire  to  conduct 
electricity  from  the  battery  to  the  unit,  and 
ground  connections  at  the  battery  and  the  unit 
to  complete  the  Qircuit.  These  are  called 
one-wire  circuits,  or  branches  of  a  ground  return 
system.  The  all-me^l  construction  of  automo* 
tive  equipment  makes  it  possible  to  Use  this 
system. 

In  automotive  electrical  systems  with  branch 
circuits  that  lead  to  all  parts  of  the  equipment, 
the  ground  return  system  saves  installation  time 
and  eliminates  the  need  for  an  additional  y/ixe 
from  each  electricaTunit  to  complete  the  circuit. 

A  two-wire  system  requires  two  wires  to 
complete  the  electrical  circuit —one  wire  from 
the  source  of  electrical  energy  to  the  unit,  and 
another  wire  to  complete  the  circuit  from  the 
unit  back  to  the  source  of  electric  power.  House 
wiring  circuits  are  of  this  kind. 

Two-wire  circuits  provide  positive  coimec- 
tions  for  lights  and  electric  brakes  on  some 
trailers.  The  coupling  between  the  trailer  and  the 
equipment,  although  made  of  metal  andL  a 
conductor  of  electricity,  has  to  be  jointed  to 
move  freely.  The  rather  loose  joint  or  coupling 
does  not  provide  the  positive  and  continuous 
connection  needed  for  a  ground  return  system 
between  the  two  vehicles. 

When  tracing  electrical  diagrams,  always  start 
from  the  source  of  electric  power.  Starting  from 
the  battery  or  a  fuse  junction  block  and  follov- 
ing  a  circuit  from  one  point  to  another  often 
save  time  in  looking  for  trouble. 

The  operation  and  maintenance  manual,  be* 
sides  furnishing  wiring  diagrams,  will  also  give 
information  for  the  maintenance  and  repair  of 
electrical  units.  Read  these  manuals-the  infor- 
mation received  from  them,  plus  the  basic  prin* 
'ciples  that  are  contained  in  Bmc  Electricity, 
NavPers  10086  (Series),  will  be  of  great  value. 

PREVENTIVE  MAINTENANCE 

When  working  on  an  engine  or  doing  other 
repair  work,  make  it  a  habit  to  check  wires  in 
that  part  of  the  equipment.  The  ASE  will  learn  a 
great  deal  about  the  electrical  systems  by  doing 
so.  The  wiring  diagrams  tell  only  what  circuits 
and  units  are  in  the  equipment-not  where  they 
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are  placed  nor  how  they  are  actually  connected. 

Electric  current  will  flow  in  the  path  of  least 
resistance,  and  if  the  resistance  is  too ^atT^ill 
not  flow  at  all.  Keep  these  factsjn  mind;  they 
will  help  solve  many  of  youj>i[Jroblems  in  the 
maintenance  of  lighting  systems.  In  figure  10-9l\^ 
notice  the  method  of  grounding  th^  battery  to 
the  vehicle  frame.  The  short  circuit  illustrated  in 
(A)  shows  what  happens  when  the  wire  insula- 
tion wears  through.  Instead  of  current  flowing 
through  the  filament  of  the  light  and  then 
completing  itr circuit  through  the  frame  back  to 
the  battery,  it  takes  the  path  of  least  resistance 
through  the  frame  without  going  through  the 
li^t.  The  light  bums  very  dimly  or  not  at  aU, 
and  the  battery  becomes  dischaiged.  A  short 
circuit  of  this  kind  could  resxilt  in  fire  from 
ovetiieated  wires,  or  from  sparks  resulting  from 
the  bare  wire  making  and  breaking  contact  with 
the  frame. 

The  open  circuit  caused  by  a  loose  connection 
as  shown  in  (B)  is  coipmon  trouble  in  electrical 
systems.  The  expression  open  circuit  is  used  not 
only  when  the  wire  connections  are  actually, 
separated  as  in  a  switch,  but  also  when  the 
resistance  in  the  wiring  circuit  is  so  great  that  no 
current  can  fk>w  between  the  battery  and  the 
unit  it  operates.  An  example  is  rust  or  corrosion 
that  forms  or  accumulates  at  a  joint- ^^wire 
terminal  that  may  actually  feel  tight-the  bat- 
tery cable  connection  to  the  vehicle  frame,  for 
instance. 

Wiring  Harness 

To  prevent  the  possibility  of  chafing  and 
loosening  of  wire  terminals  and  connections 
caused  by  vibration  and  road  shocks,  insulated 
wires  are,  where  possible,  grouped  together  and 
protected  by  a  nonmetallic  tape  or  braid  cover- 
ing, sometimes  called  a  wiring  harness,  as  shown 
in  figure  10-92.  This  is  a  typical  widng  harness. 
The  wir^  are  grouped  together  and  the  branch 
circuits  are  divided  to  make  connections  with 
the  various  electrical  units. 

Wire  Support  and  Protection 

Wires  in  the  electrical  systems  should  be 
supported  by  cleats,  clamps,  or  brackets  at 


vario!^  points  about  the  vehicle.  When  installing 
a  new  wire,  be  sure  to  keep  it  away  from  the  hot 
engine  parts  which  would  scorch  or  bum  the 
insulation.  Wires  passing  through  holes  in  metal 
members  of  the  frame  or  body  should  be 
protected  by  rubber  grommets  or  several  turns 
\  of  friction  tape  to  prevent  chafing  or  cutting  on 
sfkrp  edges. 

Ground  Comiectiom 

Make  certain  the  ^ound  return  connections 
made  to  the  chassis  frame  or  en^ne  are  clean 
and  tight.  Where  the  enpne  or  body  is  mounted 
on  rubber  or  other  insulating  material,  flexible 
bonding  wires  are  used  to  conn^t  the  parts 
together.  Pay  particular  attention  to  these  areas 
as  rust  or  corrosion  may  form  at  these  connec- 
tions, preventing  the  flow  of  current  in  the 
circuits  even  though^  the  screws  or  bolts  are 
tight. 

FIELD  AND  SHOP  REPAIR 

Dependable  operation  of  the  electrical  sys- 
tems is  the  ASE's  responsibility.  Field^mainte- 
nance  is  usually  limited  to  minor  repairs;  all 
overhaul  work  on  equipment  is  performed  in  the 
shop.  In  the  ^op,  the  electrical  units  are 
disassembled  when  major  repairs  require  special 
tools  and  equipment. 

Should  electrical  troubles  4>e  found  in  the 
field  and  corrective  action  is  taken,  do  not  make 
just  a  temporary  repair^  but  do  it  right  the  first 
time;  in  this  way  the  ASE  will  save  time  and 
gain  the  confidence  of  the  drivers  and  operators. 
Should  there  be  some  question  about  other 
troubles,  check  your  operation  and  repair  manu- 
al and  report  what  you  have  found  to  the  $upe^ 
visor  in  charge  of  the  shop. 

SAFETY 

When  working  with  electrical  equipment  there 
is  one  rule  that  must  be  strongly  stressed-safety 
first.  Whether  working  in  the  shop  or  on  the 
line,  prescribed  safety  procedures  must  be  fol- 
lowed. The  ASE  must  be  aware  of  the  many 
dangers  that  are  associated  with  this  type  of 
work.  Among  the  possible  hazards  of  this  work 
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Figuro  10*92.-Automotive  wiring  harness. 
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are  electrical  fires  and  harmful  gases,  which  are 
sometimes  generated  by  faulty  electrical  and 
electronic  devices.  The  most  common  danger 
encountered  is  that  of  the  high  voltages  which 
are-  present  in  much  equipment.  Alsp,  when 
working  with  ground  support  equipment,  there 
is  the  possibility  of  falling  from  equipment,  or 
of  being  burned  by  a  jet  blast.  ' 

Because  of  these  dangers,  the  ASE  should 
reganl  the  formation  of  safe  and  inteUigent  work 
habits  as  being  equal  in  importance  to  the 
development  of  his  knowledge  of  eleqtrical 
equipment.  One  of  his  primary  objectives  should 
be  to  become  a  safety  specialist,  trained  in 
recognizing 'and  correcting  dangerous  conditions, 
and  in  avoiding  unsafe  acts. 

The  safety  precautions  which  apply  to  the 
woric  and  duty  of  the  A$E  include  those 
pertaining  to  working  in  and  around  support 
equipment  in  the  electric  or  battery  shop, 
precautions  against  electric  shock  and  electric 
bums,  and  those  which  concern  the  proper  use 
of  handtools  and  small  power  tools.  In  addition 
to  these,  it  is  also  necessary  that  the  ASE  know  . 
the  authorized  methods  for  dealing  with  Ores  of 
elective  origin,  for  treating  bums,  and  for  giving 
artificial  respiration  to  persons  suffering  from 
electric  shock. 

The  Navy  training  couiscs  Airman,  NavTra 
10307  (Series),  and  Standard  First  Aid  Training 


Course,  Nav  P,ers  10081  (Series),  contain  safety 
information  with  which  the  ASE  should  be 
familiar.  U  is  recommended  that  he  become 
acquainted  or  reacquainted  with  the  sections  of 
Airman  that  de^l  with  safety  as  it*  relates  to 
naval  aviation.  The  Standard  First  Aid  Training 
Course  is  designed  as  a  basic  reference  in  the 
field  of  first  aid;  since  all  naval  personnel  are 
required  to  possess  a  knowledge  of  the  principles 
of  first  aid,  become  familiar  with  this  training 
course. 

ELECTRICAL  FIRES 

Electrical  fir^s  are  extremely  dangerous  in 
automotive  equipment.  This  is  not  because  of 
the  electrical  shock  danger,  but  because  of  the 
gasoline,  diesel  fuel,  or  oil  that  may  ignite* 
,  A  short  circuit  in  an  automotive  vehicle 

'Electrical  systain  will  not  always  cause  a  fire,  but 
a  fire  can  easily  result  from  such  a  defect.  By 
frequently  inspecting,  repairing,  and  maintaining 
the^'electrical  system  in  the  vehicle,  the  ASE 
helps  prevent  fires  and  electrical  failures.  Not 
only  mu?t  he  know  how  to  prevent  fires,  he 
must  also  know  what  to  do  in  case  a' fire  gets 

*  started. 

CAUTION:  NEVER  USE  WATER  ON  ELEC- 
TRICAL OR  PETROLEUM  FIRES. 
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AUTOMOTIVE 

'  In  early  days  of  the  automobile,  only  the 
ignition  system  depended  on  electricity  for 
operation*  As  the  automobile  became  more 
nuMlernt  the  use  of  electricity  was  expanded  to 
include  niany  more  items  within  the  electrical 
system.  Electricity  is  used  to  operate  many 
automotive  .accessories  such  as  heating  and 
defrosting  fans,  direction  signals,  windshield  . 
wtpers»  ami  horns. 

The  AsE  has  the  responsibility  for  mainte- 
nance and  repair  of  automotive  accessories.  On 
some  vehicles  this  might  appear  to  be  an 
overwhebning  tadc;  but  by  referring  to  diagrams 
and  written  information  on  the  accessories  it 
will  be  found  they  all  operate  on  a  few 
fundamental  principles.  A  knowledge  of  these 
principles  leads  to  an  easier  understanding  of 
these  accessories  and  how  to  service  them. 
^  Before  reading  this  chapter  you  should  review 
the  information  on  fundamentals  of  electricity 
in  Basic  Electricity,  NavPiers  10086  (Series). 

INSTRUMENT  ACCESSORIES 

The  instrument  accessories  are  usually  placed 
on  a  panel  so  thct  the  instruments  may  be  easily 
read  by  the  operator.  They  inform  the  operator 
of  the  approximatef  speed,  engine  temperature, 
oif  pressure,  rate  of  charge  or  discharge  of  the 
battery,  amount  of  fuel  in  the  fuel  tank, 
distance  traveled,  and  the  time.  Certain  controls 
are  frequently  mounted  on  the  instrument 
panel,  such'  as  Ihe  throttle,  choke,  starter, 
heater,  windshield  wiper,  and  others. 

AMMETER 

The  ammeter  used  on  automotive  equipment 
is  somewhat  simpler  than  the  ammeter  described 
in  chapter  9  of  this  manual.  The  typical  auto- 
motive ammeter  (fig.  1  M  (A))  contains  a  steel 
armature  mounted  on  the  same  shaft  as  the 


ACCESSORIES 

pointer.  With  i\o  current  flowing  through  the 
ammeter  the  permanent  magnet  holds  the  arma- 
ture so  that  the  pointer  indicates  zero. 

When  current  flows,  it  produces  a  secondary 
magnetic  field  that  bucks  the  magnetic  field  of 
the  permanent  magnet.  The  secondary  magnetic 
field  therefore  acts  on  the  pointer  shaft,  causing 
it  to  deflect  so  that  the  pointer  moves  away 
from  zero. 

The;  amount  of  deflection  is  determined  by 
the  strength  of  the  secondary  magnetic  field, 
which  is,  in  turn,  determined  by  thd  strength  of 
the  current  flow  through  the  ammeter*  When  the 
current  flows  in  one  direction,  for  instance  from 
the  generator  to  the  battery,  the  armature  and 
pointer  mqve  around  to  indicate  on  the  charge 
side.  Howeyei,  when  the  battery  is  delivering 
current  to^fj^e  electrical  circuits,  the  pointer 
defle^ >W  tRe  other  side  of  the  scale,  indicating 
disch^^^ 

,  The.^meter  is  connected  between  the  cut-  ^ 
out  relai^  (in  the  regulator)  and  the  battery,  and^ 
indicates'  fKe  amount  of  current  flowing  to  and 
from  the.  battery.  (See  fig.  1 1-1  (B).)  It  does  not 
give  ani^  indication  of  total  generator  output, 
because  other  circuits  in  the  electrical  system 
besides  the  battery  are  supplied  by  the  gen- 
erator, and  thi»  current  does  not  flow  through 
the  ammeter. 

NOTE:  The  ammeter  is  connected  so  that 
currejjt  from^fhe  battery  to  the  starter  motor 
does  not  flovi^  through  the  ammeter  when  the 
vehicle,6^ne*is  started.  The  starting  motor  may 
draw  several  hundred  amperes  during  starting, 
and  the  range  of  the  ammeter  would  be  greatly 
exceeded. 

FREQUENCY  METER 

The  frequency  meter  is  used  for  indicatmg  the 
frequency  of  an  a-c  power  generating  ^stem. 
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Figure  IM.-IA)  Simplified  automotive  ammeter;  (B)  wiring  diagram  showing  ammeter  in  the  charging  circuit. 


There  are  two  types  of  frequency  meters  used 
on  support  ^quipment-the  vibrating-reed  type 
and  the  moying-disc  (pointer)  type. 

The  theory  of  operation  of  both  types  of 
frequency  meters  isxovered  in  detail  in  chapter 
15  of  Basic  Electricity/NavPers  10086-B,  and 
^will  not  be  discussed  here.  The  frequency  meters 
covered  in  Basic  Electricity  are  designed  for  a 
frequency  of  60  hertz  and  those  on  support 
equipment  are  designed  for  a  frequency  of  400 
hertz,  but  the  theory  of  operation  is  the  same. 

HOURMETER 

Some  support  equipment  requires  servicing  or 
maintenance  after  operating  a  certain  amount  of 
time.  Hourmeters  (fig.  1 1:2)  are  used  to  provide 
maintenance  personnel  with  a  means  of  deter- 
mining when  the  equipment  has  operated  a 
specific  amount  of  time.  With  the  information 
from  the  hourmeters  and  maintenance  instruc- 
tions, maintenance  personnel  can  determine 
what  maintenance  is  required  and  when  to 
perform  it.  , 

There  are  two  types  of  hourmeters  commonly 
used  on  support  equipment.  These  are  the 


electrically  driven  (most  common)  and  the 
mechanically  driven  types.  The  electrically 
driven  type  records  felapsed  time  (clock  hours), 
but  the  mechanically  driven  typ^  records  time 
after  a  certain  number  of  functions  have  taken 
place.  For  example,  the  hourmeter  may  be 
designed  to  advance  an  hour  after  the  crankshaft 
of  an  engine  has  completed  as  many  reV9lutions 
as  it  normally  would  during  aft  hour's  operation. 

hourmeters  may  have  a  counter  dial  as  shown 
in  figure  1 1-2  (A),  or  a  radial  dial  as^  shown  in 
(B)  and  (C).  The  use  of  several  different  type 
dial  configurations  on  hourmeters  causes  a  great 
deal  of  confusion  for  many  of  the  personnel 
who  have  the  responsibility  of  reading  the 
meters.  Three  different  dial  configurations^  are 
shown  in  figure  11-2.  The  meters  are  easy  to 
read,  but  each  meter  must  be  observed  very 
closely  and  considered  individually.  The  second 
number  from  the  right  on  the  meter  in  (A)  is  in 
tenths;  therefore,  the  meter  indicates  143.75 
hours.  On  many  met^i^  with  this  type  dial,  the 
first  number  on  the  right  is  in  tenths  (would  be 
indicated  on  the  dial  qf  the  meter);  and  if  thfe 
were  the  case,  this  paftii:ular  meter  would  be 
indicating  1,437.5  hours.  At  a  quick  glance,  the 
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hourmetefs  shown  in  (B)  and  (C)  look  the  same, 
buf  from  a  closer  examination  it  can  be  seen 

^  that  identical  hands  traveling  the  same  distance 
indicate  different  amounts  of  time.  For  ex- 
ample, on  meter  (B)  when  the  large  hand  (outer 
scale)  has  traveled  from  **^ro  to  one,"  1  hour 
has  passed,  but  on  meter  (C)  10  hours  would 
have  passed;  therefore,  determine  how  each  dial 
is  calibrated  before  taking  aXreading.  Always 
read  the  scales  in  descending Wder.  For  ex- 
ample, on  the  meters  shown\in  (B^  and  (C),  read 
tlw  inner  sc^le  first,  middle  s^le  setond,  and  the 
outer  scale  last.  On  the  meter  m  (B),  the  inner 
scale  indicates  lOO  hours,  the  middle  scale  30 
hours,  thfi^QUter  scale  6  hours,  and,  putting  them 

'all  t(^ether,  the  meter  indicates  136  hours.  The 

^  meter  in  (C)  indicates  2,570  hours. 

The  purpo^  of  the  small  hand  located  below 
the  9  on  meters  (B)  and  (C)  is  to  indicate 
whether  or  not  the  meter  is  operatiik.  Move- 
ment of  the  large  hands  cannot  be  detected  by 
looking  at  the  meter,  but  movement  of  the  small 
hand  can  be  detected  easily  with  the  eye. 

START  COUNTER  METER  \ 

The  start  counter  (fig.  1 1-3)  is  an  electrically 
operated  additive  meter  which  is  normally  used 
to  record  the  total  number  of  complete  starts  of 
an  engine  since  initial  or  overhaul  installation. 
The  start  counter  is  only  used  on  a  few  items  of 
support  equipment;  however,  it  does  provide 
valuable  information  on  such  items  of  equip- 
ment as  gas  turbine  compressors  on  which  the 
number  of  starts  is  of  vital  importance. 

The  start  counter  in  figure  11-3  is  shown 
mounted  in  the  electrical  control  box  of  a  GTC 
85-73;  however,  it  is  also  used  on  other  items  of 
support  equipment.  This  sta^t  counter  is  pro- 
vided with  a  plate  incorporating  four  windows 
with  dials  showing  through.  The  first  dial  on  the 
right  records  starts  in  increments  of  even  num- 
bm,  zero  through  eight,  and  any  odd  number 
between  is  indicated  when  the  numbers  stop  at 
any  intermediate  point  between  any  two  even 
numbers.  The  second  dial  from  the  right  records 
starts  in  tens,  the  third  dial  from  the  right 
records  starts  in  hundreds,  and  the  fourth  dial 
from  the  right  records  starts  in  thousands.  The 
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FIgiiit  11;3.-&^rt  counter  meter. 


dials  which  record  starts  in  tens,  hundreds,  and 
thousands  show  both  odd  and  even  numbers. 

FUEL  GAGE 

Most  fuel  gages  are  electrically  operated  and 
are  composed  of  two  units-the  gage  mounted 
on  the  mstrunient  panel,  and  the  sending  unit 
mounted  on  the  fuel4<!ik.  The  ignition  switch  is 
included  in  the  fuel  gage  circuit  so  that  the 
electrical  fuel  ga^  operates  only  when  the 
ignition  switch  is  on.  Operation  of  the  electrical 
fuel  gages  depends  on  either  coil  (magnetic)  or 
thermostatic  (bimetallic)  action. 

Coil  Type 

N  The  electrical  circuit  for  a  fuel  gage  is  shown 
in  figure  1 14,  The  coU  t^pe  gage  is  illtistrated. 
Fuel  leVel  indications  result  from  vahatio'ns  in 
the  magnetic  fields  of  two  coils,  which  in  turn 
cause  the  pointer  to  move.  The  rising  or  falling 
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Figurt  1 14.-Coil  typt  futi  gtgt  circuit. 
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float  in  the  fuel  tank  moves  the  arm  of  a 
rheostat  or  variaHIe  resistance,  causing  the 
magnetic  fields  to  vary  in  the  coils. 

Current  from  the  battery  has  parallel  paths  of 
flow  through  the  rheostat  of  the  sending  unit 
and  the  operating  coil  of  the  gage.  The  parallel 
paths  join  at  the  common  connection  between 
the  two  coils  of  the  gage,  and  current  flows 
through  the  limiting  coil,  ignition  switch, 
ammeter,  and  back  to  the  battery. 

•When  the  fuel  tank  is  empty,  the  grounded 
arm  on  the  rheostat  bypasses  all  the  resistance  in 
the  sending  unit  and  places  a  ground  at  tl^e 
connection  between  the  coils.  All  the  current 
then  flowr^through  the  limiting  coil  and,  as  a 
result;  the  indicating  pointer  is  held  at  the 
empty  position  by  the  limiting  coil. 

If  the  fuel  tank  is  partially  ful!,  the  float  of 
the  sending  unit  rises  on  the  surface  of  the  fuel 
and  moves  the  rheostat  arm  over  the  resistance 


element,  increasing  the  resistance  of  the  sending 
unit  circuit.  Current  then  passes  through  the 
operating  coil  and  causes  a  magnetic  pull  on  the 
pointer,  overcoming  some  of  the  pull  of  the 
limiting  coil. 

When  the  tank  is  full,  the  sending  unit  circuit 
contains  maximum  resistance  to  the  flow  of 
current.  The  operating  coil  then  receives  its 
maximum  current  and  exerts  maximum  pull  on 
the  pointer  to  give  a  full  tank  leading*  As  the 
tank  empties,  the  operating  coil  Idses  some  of  its 
magnetic  pull  while  the  limiting^  coil  still  has 
apbroximately  the  same  pull,  so  that  the  pointer 
is  pulled  toward  a  lower  reading.  \ 

The  type  of  gage  consumes  very  Jittle  current, 
abnfit  one-eighth  of  an  ampere.  Since  the  opera- 
tic  i  '  this  gage  depends  on  the  difference  in 
the  ;,  inetic  effect  between  two  coils,  vacations 
in  the  battery  voltage  will  not  cause  an  error  in 
the  gage  reading. 
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figure  11-5.-Th6rmostatic  typ«  fuel  gag*  circuit. 
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Thennostatic  Type 

The  thermostatic  electrical  fuel  gage  has 
bimetal  blades  in  both  the  gage  and  the  sending 
unit*  This  type  gage  may  also  be  used  as  a 
temperature  or  oil  pressure  gage  by  utilizing 
changes  in  temperature  or  pressure  to  operate 
the  moyable  gipuhded  contact  in  the  sending 

hen  the  tank  is  empty  and  the  float  is  down, 
as  shown  in  (A>  of  figure  11-5,  the  two  contacts 
in  the  sending  unit  are  just  touching.  Current 
flows  through  the  resistance  healer  wires  of  both 
^  gage  and  sending  units,  causing  the  bimetal 
blades  to  bend.  Bending  of  the  bimetal  blade  in 
the  sending  unit  separates  the  contacts  to  break 
the  circuit.  The  heater  wire  cools  when  the 
current  stops  flowing,  and  the  bimetal  blades 
return  to  their  original  position.  Contact  is  again 
made,  and  the  cycle  of  operation  is  repeated 
approximately  every  second.  Opening  and 
closing  of  the  contacts  produce  an  intermittent 
flow  of  current  which  does  not  heat  the  gage 
blade  sufflciently  to  bend  it,  and  thejplade  holds 
the  pointer  at  the  empty  reading. 

When  the  tank  is  full,  the  float  is  at  the  top 
and  the  cam  takes  the  position  shojjtn  in  (B)  of 
figure  11-5.  In  this  position,  the  cam  pushes  the 
grounded  contact  against  the  insulated  bimetal 
contact,  bending  the  bimetal  blade  in  the  send- 
ing unit.  Since  the  bimetal  is  then  under  a  strain, 
the  current  must  flow  longer  to  bend  it  suffi- 
ciently to  open  the  contacts.  The  longer  flow  of 
current  causes  a  bending  of  the  bimetal  blade  in 
the  gage  unit,  pushing  the  pointer  over  to  the 
full  position. 

The  contacts  open  and  close  fast  enough  to 
give  a  steady  reading  by  the  pointer.  The 
maximum  current  requirement  for  a  full  reading 
is  less  than  one-fourth  ampere.  This  type  of  gage 
is  not  affected  by  variations  of  battery  voltage, 
and  is  compensated  for  outside  air  temperature 
variations. 

OIL  PRESSURE  GAGE 

The  oil  pressure  gage  indicates  the  oil  pressure 
iij  the  system.  Usually,  such  gages  are  mounted 
on  the  instrument  panel  and  are  calibrated  to 
read  oil  pressure  in  pounds  per  square  inch. 

ERIC 


Bourdon  Tube 

Bourdon  tube  type  oil  pressure  ga^es  are 
actuated  by  the  pressure  of  air  trapped  above 
the  oil  in  a  very  small  copper  tubeconoected 
from  the  gage  to  the  lubricating  -S^^stem,  Air 
pressure  irf  the  connecting  tube  is  maintained  by 
the  oil  pressure  in  the  system.  Operation  of  the 
gage  itself  is  based  on  the  use  of  the  Bourdon 
tube  (fig.  1 1-6),  which  is  a  flexible,  semicircular 
metal  tube,  elliptically  shaped  in  cross  section, 
with  one  seated  end  and  one  open  end.  The  open 
end  is  connected  to  the  pressure  system;  and  as 
the  pressure  of  gas  or  liquid  within  the  tube 
increases,  the  tube  tends  to  straighten.  As  the 
pressure  decreases,  the  tube  resumes  its  normal 
semicircular  shape.  By  fixing  the  open  end  and 
allowing  the  sealed  end  to  move  freely,  the 
"straightening"  movement  of  the  tube  can  be 
utilized  to  move  a  needle  across  a  dial.  A  simple 
spring,  gear,  and  lever  arrangement  serves  to 
return  the  needle  as  the  pressure  is  reduced  and 
the  tube  resumes  its  shape. 

r- 

Electrical  Type 

Some  automotive  vehicles  are  equipped.with 
electrical  type  oil  pressure  gages.  These  gages 
may  be  either  the  balancing  coil  type  (fig.  1 1-7) 
or  the  thermostatic  type.  The  thermostatic  type 
oil  pressure  gage  operates  very  sifnilarly  to  the 
thermostatic  type  fuel  gage  which  was  discussed 
-  previously. 

In  the  balancing  coil  type  system,  a  variable 
resistance  is  incorporated  in  the  engine  sending 
unit  (fig.  11-7  (A)).  Increasing  oil  pressure 
causes  the  diaphragm  of  the  .sending  unit  to 
become  displaced  (fig.  11-7  <B)).  This  increases 
the  resistance,,  causing  the  right  coil  of  the  oil 
pressure  gage  /to  become  stronger  than  the  left 
coil.  As  a  re^nlu  the  armature  and  pointer  swing 
to  the  right,  indicating  an  increase  in  oil  pres- 
sure. The  opifosite  takes  place  with  a  decrease  in 
oil  pressure. 

An  absence  of  oil  pressure  during  engine 
operation  indicates  a  faulty  oil  system  or  in- 
operative oil  pressure  indicating  system,  and  the 
engine  should  be  stopped  immediately*  The 
trouble  must  be  located  and  repairs  made  before 
the  engine  is  restarted. 
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TEMPERATURE  GAGE 

Temperature  gages,  usually  mounted  on  the 
instrument  panel,  are  used  to  indicate  th'i 
temperature  of  engine  coolant,  engine  oil,  trans- 
mission fluid,  etc.  Temperature  gages  are 
operated  either  electrically  or  by  the  Bourdon 
tube.  The  gages  discussed  in .  the  following 
>:  paragraphs  where  designed  to  indicate  tl^'e 
temperature  of  engine  coolant.  ' 

Bourdon  Tube  \  / 

^  When  the  principle  of  operation  /is  the 
Bourdon  tube,  previously  described;  it  is 
actuated  by  pressure  conducted  ^to  ji  from  a 
bulb-  which  is  screwed  into  the  watef  jacket  of 
the  engine.  The  heat  of  the  water  affects  the 
liquid  in  the  bulb.  This  liquid  vapoiizes  at  a  very 
low  temperature  and  the  gas  flows  through  the 
capillary,  a  very  small  tube  connecting  the  bulb 
to  the  gage.  The  greater  the  heat,  the  more  vapor 
given  off  and  the  greater  the  pressure;  thus, 
higher  temperature  is  indicated  on  the  gage.  '  " 

Etectrical  Type  ^ 

The  electrical  temperature  gage  (fig.  J 1-8) 
functions  on  much  the  same  principle  as  the 
^    balancing  coil  type  fuel  gage  aud  oil  pressure 
gage. 

The  temperature  gage  consists  of  two  coils  at 
right  angles  to  each  other  with  an  armature  at 
the  intersection  of  the  coil  axes.  Connected  to 
the  armature  is  a  pointer.  Essentially,  the  send- 
ing unit  is  a  resistor  whose  resistance  varies 
inversely  with  the  temperature  of  the  engine. 
When  the  engine  temperature  is  high,  the 
sender's  resistance  is  low;  when  the  temperature 
is  low,  the  resistance  is  high.  On  the  low 
temperature  side  of  the  gage  unit,  the  coil  is 
connected  directly  across  the  battery.  Thvfs, 
there  exists  a  constant  magnetic  strength  in  th^ 
coil  which  attracts  the  armature  and  pointer  to 
the  low  temperature  side.  However,  the  coil  on 
the  high  temperature  side  is  connected  in  series 
with  the  resistance  of  the  sending  unit,  and 
across  the  battiry.  Since  the  sender's  resistance 
varies  with  temperature,  the  coil's  magnetic 
strength  varies.  More  current  flows  when  the 
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resistance  is  low  (high  engine  temperature)  ^nd 
so  a  stronger, magnetic  field  iycreated.  As  engine 
temperature  increases,  th^  greater  magnetic 
strength  of  the  high  temperature  coil  attracts'the 
armature  and  pointer  m  a  point  of  balance 
between  the  two  sidesyThe  scale  is  calibrate^!  to 
the  pointer  movement; 

AIR  PRESSURE^AGE  ! 

/  i 
An  air  pressure  gage  (for  use  with  vehicles 
equipped  With  air  or  air  -  hydraulic  brake 
systems)^ ^s  employed  to  indicate^  air  pressijire  in 
storage  jtanks.  The  air  pressure  ^ge  operates  on 
the  Bp^urdon  principle  and  utilizes  a  Bobrdon 
tube/  The  gage  face  is  marked  in  graduations  of 
30  psi,  from  0  to  120;  however,  full  siystem 
pressure  is  100  psi.  With  the  engine  running,  the 
air  compressor  governor  cuts  in  at  about  175  psi 
and  the,  compressor  builds  up  pressure  io  full 
(100  psi).  The  vehicle  must  not  be  driven  unta 
pressure  is  up  to  60  psi.  If,  during  operation,  the 
air  pressure  burzer  sounds  (when  below  ^0  psi), 
the  vehicle  must  be  stopped  until  tlie  mal- 
function has  been  located  and  corrected. ! 
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Figure  1V6.-Bourdon  tube. 
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Figurt  11-7.-(A)  Oil  pretsur*  Mnding  unit; 
(B)  tch«matic  il^frmm  of  balanchHI  coil  oil 
pTMSurt  indicating  tytttm* 
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Figurt  11-9,-Spiidom«ttr. 


SPEEDOMETER  AND  TACHOMETER 

A  speedometer  (fig.  11-9)  is  used  to  indicate 
vehicle  speed  in  miles  per  hour,  and  an  odometer 
(frequently  on  the  same  instrument)  records 
distance  traveled.  The  speedometer  may  be 
driven  either  by  a  flexible  shaft  or  by  electrical 
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FigiiHr*  1  VlO.-Spstdomvttr 

mesms.  The  type  using  a  flexible  shaft  has  a  set 
of  gears  in  the  vehicle  transmission.  This  set  of 
gears  drives  ,  the  flexible  shaft  and  the  flexible 
shaft,  in  turn,  drives  the  rotating  part  of  the 
speedometer  and  the  gears  of  the  odometer.  The 
gears  are  designed  for  the  particular  vehicle 
model  and  take  into  consideration  the  tire  size  ^ 
and  rear  axle  ratio.  The  flexible  ^haft  consists  of 
an  outer  casing  and  an  inner  drive  core.  (See  flg. 
11-10.)  The  speedometer  driven  by  electrical 
means  is  comprised  of  two  separate  units,  a 
generator  Tor  transmitter)  and  an  indicator, 
connected  by  electrical  wires. 

The  tachometer  (flg.  1  M 1)  is  ordinarily  used 
to  indicate  vehicle  engine  speed.  It  is  similar  to 
the  speedometer,  except  that  the  i%ct  dial 
indicates  revolutions  per  mjnute  instead  of  miles 
per  hour.  The  tachometer  mayjbe  driven  either 
by  a  flexible  shaft  or  by  ^ectrical  means. 
The  type  using  a  flexible  shaft  is  driven,  through 
the  shaft,  from  the  vehicle  generator,  camshaft, 
or  distributor  shaft.  <rhe  tachometer  driven  by 
electrical  means  is  comprised  of  two  separate 
units,  a  generator  (or  transmitter)  and  an  indi- 
cator, connected  by  electrical  wires?  An  hour- 
meter  is  often  incorporated  in  the  tachometer  to 
record  operating  time. 

Operation  of  Speedometer 
and  Tachometer 


AS.346 

and  tachometer  drive  shaft. 

ance,  they  all  incorporate  the  same  basic  com- 
ponents and  operate  on  the  same  principles. 
Operation  of  the  speedometer  and  tachometer 
using  the  flexible  shaft  is  discussed  in  the 
following  paragraphs. 

SPEED  INDICATOR.-~The  speed-indfcating 
portion  of  a  speedometer  (flg,  1 1-12)  or  tacho- 
meter of  the  magnetic  type  is  operated  by  a 
permanent  magnet  being  driven  by  a  flexible 
shaft.  Around  this  revolving  permanent  magnet 
is  a  stationary  field  plate.  (Some  instruments 
have  a  revolving  fleld  plate.)  Between  the 
magnet  and  fleld  plate  is  a  movable  speed  cup^ 
wjith  the  indicating  pointer  attached  to  the  end 
of  the  speed  cup  staflT. 

As  the  magnet  revolves  within  the  speed  cup, 
it  sets  up  a  rotating  magnet  field  which  exerts  a 


Even  though  the  internal  parts  of  the  various 
instruments  differ  in  construction  arid  appear- 
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Figura  IMt.rTachomttar. 
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Figure  1M2.-Sectional  view  of  indicatins  portion  of  the  speedometer. 


I 

pull,  or  magnetic  drag,  on  the  speed  cup,  making 
it  revolve  in  the  same  direction.  Movement  of 
the  speed  cup  is  retarded  and  held  steady  by  a 
hairspring  attached  to  the  speed  cup  staff.  The 
speed  cup  comes  to  rest  at  a  point  where  the 
magnetic  drag  is  balanced  by  the  retarding  force 
created  by  the  hairspring.  An  additional 
function  of  the  hairspring  is  to  pull  the  pointer 
back  to  zero  when  the  vehicle  or  engi.  ,  stops. 

There  is  no  mechanical  connection  between 
the  revolving  magnet  and  the  speed  cup.  As  the 
speed  of  the  magnet  increases  due  to  vfehicle 


acceleration  or  (as  in  the  case  of  a  tachometer) 
to  an  increase  in  engine  speed,  the  magnetic  drag 
on  the  speed  cup  also  increases  and  pulls  the 
speed  cup  farther  around,  thus  registering  a 
faster  speed  by  the  pointer  and  face  dial.  The 
magnet's  magnetic  field  is  constant,  and  the 
amount  of  speed  cup  deflection  is  at  all  times 
proportional  to  the  speed  at  which  the  magnet  is 
being  revolved. 

TOTAL  ODOMETER.-The  total  odometer 
(fig.  IM3  (A))  is  driven  through  a  series  of 
gears  ori^nating  at  a  spiral  gear  out  on  the 
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magnet  shaft.  This  gear,  known  as  the  first  gear, 
drives  an  intermediate  second  gear  and  a  third 
gear  which  is  connected  to  a  fourth  gear  at  the 
odometer.  The  fourth  gear  turns  the  odometer 
through  a  series  of  star  pinion  gears  inside  the 
odometer  dials,  or  figure  wheels.  The  total 
odometer  usually  has  five  figure  wheels,  or  dials, 
and  is  so  constructed  and  geared  that  as  any  one 
wheel  finishes  a  complete  revolution  it  turns  the 
next  figure  wheel  to  the  left  one-tenth  of  a 
revolution.  Most  models  record  to  99,999  miles, 
then  automatically  zero  themselves. 

TRIP  ODOMETER.-The  tripi  odometer  (fig. 
11*13  (B))  is  also  driven  by  the  third  gear, 
through  the  trip  odometer  drive  gear  and 
another  gear  at  the  trip  odometer.  The  trip 
odometer  usually  has  four  figure  wheels,  and  is 


so  constructed  that  as  any  one  figure  wheel 
finishes  a  complete  revolution,  it  turns  the  next 
figure  wheel  to  the- left  one-tenth  of  a  revolu- 
tion. The  figure  wheel  on  the  extreme  ririit 
registers  in  tenths  of  a  mile.  Most  models  x^iA 
to  999.9  miles,  then  automatically  zero  them- 
selves. Also,  they  are  usually  equipped  with  a 
reset  mechanism  so  that  the  mileage  on  the  trip 
odometer  can  be  reset  as  desired. 

Electrical  Type 

Electrical  type  spee^lometers  and  tachometers 
utilize  a  small  generator  (transmitter)  driven 
mechanically.  The  voltage  produced  causes  a 
synchronous  motor  (receiver)  in  the  indicator 
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Figure  1M3.-(A)  ToUl  odomotar;  (B)  trip  odometer. 
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Figure  11-14.-El6ctrictl  type  speedomettr-tachomattr. 


assembly  to  operate,  thereby  indicating  vehicle 
and  engine  speed. 

There  may  be  several  different  arr^gennents 
or  combinations  of  the  electrical  speedometer 
and  tactometer.  For  instance,  the  speedometer 
and  tachometer  may  be  two  completely  inde- 
pendent systems,  or  there  maj^s^e  one  trans- 
mitter and  one  receiver  with  a  dual  face,  as 
shown  in  figure  11-1,4.  If  this  instrument  is  used 
on  a  vehicle  and  driven  by  gears  in  the  trans- 
mission, the  tachometer  will  be  inaccurate  until 
a  certain  gear,  normally  high  gear,  is  reached. 
Another  arrangement  involves  two  trans- 
mitters-one driven  by  the  transmission  for 


vehicle  speed,  and  one  driven  by  the  engine  for 
engine  rpm.  Ihis  type  arrangement  utilizes  one 
indicator  containing  two  receivers  with  inde- 
pendent pointers  and  dials.  With  this  arrange- 
ment, both  the  speedometer  and  the  tachometer 
are  accurate  in  any  gear. 

The  speedometer  transmitter  is  driven  from 
^the  flnal  drive  of  the  vehicle,  usually  the  output 
shaft  of  the  transmission.  The  tachometer  tran^ 
mitter  is  usually  driven  from  an  engine  accessory 
drive,  such  as  the  ignition  distributor  drive*  The 
output  voltage  of  a  transmitter  is  proportional 
to  the  speed  at  which  it  is  driven;  likewise,  the 
speed  of  a  receiver  is  proportional  lo  the  output 
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voltage  of  the  transmitter.  The  receiver  speed 
determines  the  position  of  the  pointer  on  the 
face  of  the  indicator. 

WARNING  LIGHTS 

Some  automotive  manufacturers  prefer  a 
warning  light  ,  system  that  indicates  certain 
operating  condition^,  rather  than  a  gage  indi* 
eating  system.  The  warning  light  is  usually 
controlled  by  switches  which  may  be  operated 
by  pressure^  temperature,  or  mechanical  linkage. 
The  ASE  may  come  in  contact  with  vehicles  that 
utilize  either  a  warning  light  system,  or  a 
combination  of  warning  light  and  gage  systems. 

NOTE:  To  provide  a  means  of  testing  the 
warning  lights,  they  are  usually  wired  so  that 
they  illuminate  when  the  ignition  switch  is 
placed  in  the  starting  position. 


Temperature 

MostXlate  model  vehicles  utilize  an  engine 
temperatW  warning  light  (located  on  the  in- 
strument panel)  in  place  of  the  conventional 
engine  temperature  gage.  The  warning  light  is 
wired  in  seri^^s  with  the  ignition  switch  and  the 
engine  temperature  sending  unit.  The  sending 
unit  provides  ground  for  the  warning  lights  when 
its  contacts  are  closed.  There  are  two  systems 
for  the  temperatui;e  warning  lights  that  are 
commonly  used. 

One  of  the  systeihs  contains  a  cold  light 
(green)  and  a  hot  light  (red).  These  lights  are 
controlled  by  the  enginfc  temperature  sending 
unit  which  has  two  setsXof  contacts,  one  set 
being  normally  closed  for  the  cold  light  and  one 
set  being  normally  open  fctf  the  hot  light*  The 
contacts  are  mounted  on  bimetal  striips  which 
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Figurt  1 1-15«-El6ctricai  vibrator  type  horn. 
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cause  them  to  open  and  close  at  predetermined 
temperatures.  For  example,  when  the  engine  is 
first  started,  the  cold  light  comes  on  until  the 
engine  reaches  normal  operating  temperature; 
then  the  cold  light  switch  contact^  open  and  the 
light  goes  off.  This  lets  the  operator  know  that  it 
is  safe  to  apply  load  to  the  engine  which  is  then 
at  normal  operating  temperature.  Likewise,  if 
the  engine  overheats,  the  hot  light  switch  con- 
tacts close  and  the  hot  light  comes  on,  warning 
the  operator  of  the  overheating  condition. 

The  other  system  mentioned  operates. on  the 
same  principles  but  does  not  have  a  cold  warning 
light.  It  has  the  hot  warning  light  and  an  engine 
temperature  sending  unit  with  a  single  set  of 
normally-open  contacts.  If  the  engine  overheats, 
the  contacts  close  and  turn  on  the  hot  warning 
light. 

Oil  Pressure 

^  The  oil  pressure  warning  light  installed  on 
some  vehicles  is  also  located  on  the  instrument 
panel  to  indicate  when  the  oil  pressure  is  very 
low.  The  warning  light  is  wired  in  series  with  the 
ignition  switch.  The  oil  pressure  switch  is 
located  on  the  automotive  engine. 

The  oil  pressure  switch  contains  a  diaphragm 
and  a  set  of  contacts.  When  the  ignition  is 
tume^  on,  the  warning  light  should  illuminate, 
because  the  light  circuit  is  energized  through  the 
closed  contacts  in  the  oil  pressure  switch.  Whejp 
the  engine  is  started,  built-up  oil  pressure  com- 
presses the  diaphragm,  opening  the  contacts, 
thkeby  opening  the  circuit  and  causing  the  light 
to  go  out.  The  warning  light  is  usually  red  in 
color,  and  indicates  a  bright  "Oil"  on  the 
instrument  panel. 

Generator 

Some  vehicles  utilize  a  generator  warning  light 
mounted  on  the  instrument  panel  in  place  of  the 
ammeter.  Tht  light  indicates  to  the  operat(k 
when  the  generator  is  charging  the  battery.  The 
warninS  element  is  a  panel-mounted  window 
\  (usually  red)  behind  which  is  mounted  a  small 
\  light  bulb.  The  light  comes  on  when  the  ignition 
is  turned  on  and  the  generator  is  not  charging. 
The  circuit  is  completed  from  the  ignition 
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switch,  through  the  light,  to  a  terminal  on  the 
voltage  regulator. 

When  the,  engine  i^tarted  and  the  generator 
speed  is  increased  to  develop  sufficient  voltage,  a 
relay  within  the  voltage  regulator  closes,  causing 
the  main  relay  contacts  to  close.  When  the  main 
relay  contacts  close,  the  generator  warning  is 
short  circuited,  causing  the  warning  light  to  go 
out.  \ 

In  another  type  of  generatojr  warning  system, 
the  warjiing  light  is  connected  in  the  circuit 
between  the  battery  and  generator  output.  When 
the  generator  begins  to  develop  an  output,  it 
opposes  the  battery  voltage  to  the  generator 
warning  light.  As  the  differential  between  these 
two  voltages  decreases,  the  light  goes  out, 
indicating  that  the  generator  is  on  the  line. 


AUXILIARY  ACCESSORIES 
HORNS  ' 

The  horn  installed  on  automotive'  equipment  *  > 
is  used  as  a  warning  device  to  pedestrians  or 
crewmen  of  a  moving  vehicle.  The  horn  is  a 
magnetic  switch  (somewhat  like  a  vibrating 
voltage  regulator  relay)  which  sets  a  diaphragm 
into  rapid  vibration  when  connected  to  the 
battery.  Horns  may  be  used  in  matched  pairs  sp  ^ 
that  a  blended  and  more  resonant  signal  is 
produced. 

Operation 

The  most  common  type  of  horn  (fig.  1 1-J5)  is 
the  vibrator  type.  A  winding  is  C9nnected  in 
series  with  a  set  of  contacts  within  the  horn;  the 
contacts  are  closed  when  the  horn  is  not 
eneiigized. 

When  the  external  circuit  to  the  battery  is 
closed  (by  tbe  hdm  pushbutton  or  horn  relay), 
ciitteftt  flows  through  the  contacts  and  winding. 
This  causes  the  magnetic  field  to  attract  the 
armature  of  the  coil  to  the  winding  core.  The 
ariiiature  is  mounted  to  the  horn  diaphragm  so 
that  movement  of  the  armature  causes  .a 
distortion  of  the  diaphragm.  The  armature 
movement  also  operates  the  horn  contact  points 
thalbreak  the  circuit. 

1        —  ♦ 
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When  the  contact  points  open,  the  magnetic 
field  of  the  winding  collapses,  and  the  armature 
returns  to  its  normal  position  as  the  distortion 
pf  the  diaphragm  is  relieved.; 

When  the  contacts  are  closed  again,  a  new 
surge  of  current  induces  magnetism  in  the  coil 
and  starts  a  second  movement  of  the  diaphragm. 
This  cycle  is  repeated  rapidly.  Vibrations  of  the 
diaphragm  within  an  air  columh  produce  sthe 
note  of  the  horn. 


small  electrical  mo'tors.  The  amount  of  current 
drawn  will  depend  on  the  particular  motor  and 
the  load  placed  on  the  motor.  The  motors,  with 
exception*  of  the  starter  motor,  should  be 
connected  to  the  ammeter  so  that  any  battery 
current  used  to  run  themJs  indicated  by  the 
ammeter.  The  construction  and  theory.of  opera« 
tion  of  a-c  and  d-c  motors  are  covered  in  detail 
in  Basic  Eleclricity,  NavPers  10086  (Series). 


A4iustment 

Before  making  any  adjustment,  insure  that 
the  ^horn  is  properly  grounded  and  there  is 
correct  voltage  at  the  horn.  To  obtain  a  good 
sound  from  a'  horn,  a  minimum  of  5.25  volts  is 
required  for  the  6-volt  horn,  and  a  minimum  of 
1 1  volts  is  required  for  the  12-volt  horn. 

Tone  and  volume  adjustments  are  made  by 
loosening  the  adjusting  locknut  and  turning  the 
adjusting  nut.  This  very  sensitive  adjustmeiit 
controls  the  current  consumed  by  the  horn-. 
Increasing  the  current  increase^  the  volume; 
however,  too  much  current  will  make  the  horn 
sputter,  and  may  lock  the  diaphragm. 

Dual  Horns 

In  dual  bonis,  one  horn  having  a  low  pitch  is 
blended  with  another  horn  hjiving  a  high  pitch. 
These  horns,  although  operated  electrically,  pro- 
duce a  sound  closely  resembling  that  of  an  air 
horn.  The  sound  frequency  of  the  low  pitch 
horn  is  controlled  by  a  long  air  column,  and  that . 
of  the  high  pitch  horn  by  a  short  air  column. 
The  air  column  is  formed  by  the  projector  and 
by  a  spiral  passage  cast  into  the  base  of  the  horn. 

Most  horns  draw  enough  current^  to  necessi- 
tate having  a  relay  in  the  circuit.  A  horn  circuit 
having  a  relay  is  shown  in  figure  11-16.  By 
having  a  relay  in  the  horn  circuit,  the  contacts  of 
the  horn  button  (switch)  are  protected,  and 
many  more  hours  of  trouble-free  service  are 
obtained  than  with  a  horn  circuit  that  does  not 
have  a  relay. 

ELECTRICAL  MOTORS 

Electrical  windshield  wipers,  heater  fans,  de- 
froster fans,  and  other  i^jcessories  are  driven  by 
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Figurt  1M6.-Duai  horns  and  relay  circuit. 
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Figure  11 -17.- Vacuum  windshield  wiper  motor. 
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Figure  1M8.-Eiectrlceiiy  operated  windshieid  wipers. 
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WINDSHIELD  WIPERS 

The  windshield  wiper  usualTy"  consists  of  a 
metal  strip  with  a  rubber  insen  attached  to  a  rod 
that  swings  in  an  arc  across  the  windshield,  and 
the'  necessary  mechanical  linkage  driven  by- 
either  an  electrically  driven  or  a  vacuum  Opera- 
ted motor. 

Vacuum 

Vacuum  operated  windshield  wipers  (fig. 
11-17)  depend  upon  the  vacuum  in  the  intake 
manifold.  Thie  vacuum  motor  consists  essentially 
of  a  piston  within  a  c^H^der.  Valves,  controlled 
by  the  piston  position,  alternately  connect 
opposite  en^  of  the  piston  cylinder  to  the 
intake  manifold.  Ifi  this  way  the  piston  is  moved 
back  and  forth  withm  the  cylinder.  Movement 
of  the  piston  causes  the_operating  shaft  to 
oscillate,  which,  in  turn,  causes  the  windshield 
wiper  blades  fo  move  in  an  arc  back  and  forth 
^cross  the  face  of  the  windshield. 

\Some  automotive  vehicles  may  be  equipped 
with  a  single  windshield  wiper  placed  directly  in 
frontv  of  the  operator.  In  order  4o  increase 
Wsibility  and  widen  the  range  of  vision,  most 
modem  Vehicles  are  equipped  with  dual  wipers. 
Most  dwl  wiper  systems  are  operated  by  one 
motor  tltrough  suitable  linkage. 

Qectric 

Electric4l-type  windshield  wipers  (fig.  11-18) 
are  usually  driven  by  shunt  or  compound  wound 
motors.  The  wipers  may  be  driven  in  three 
^different  speeds-slow,  medium,  and  fast. 

To  obtain  satisfactory  operation  from  elec- 
trical windshield  wipers,  it  is  essential  that  the 
motor,  linkage,  and  drive  pivots  operate  freely, 
otherwise  operation  may  be  noisy  or  complete 
failure  may  result. 

A  modem  three-speed  windshield  wiper 
schematic  is  shown  in  figure  11-19.  The  system 
contains  a  compound  type  motor,  a  gearbox, 
and  a  relay. 

The  control  switch  has  four  positions-OFF, 
LO,  MED,  and  HI.  Wiper  speed  is  controlled  by 
increasing  of  decreasing  the  amount  of  current 
in  the  shunt  field.  At  low  speed,  the  motor  has 


no  external  shunt  field  resistance,  and  maximum 
shunt  field  current  flows.  For  medium  speed, 
resistors  Rl  and  R2  are  connected  jn  parallel 
with  each  other  and  in  series  with  the  shunt 
winding,  thereby  reducing  the  shunt  field  cur- 
rent. In  high  speed,  only  Rl  is  in  series  with  the 
shunt  field,  resulting  in  maximum  shunt  field 
resistance,  minimum  shunt  field  current,  and  the 
leasts  opposition  to  the  series  field.  When  the 
switch  is  placed  in  the  "OFF"  position,  the 
motor  continues  to  operate  until  a  cam  on  the 
crank  arm  strikes  a  switch  button  (r^ot  shown), 
opening  the  circuit  and  placing  the  wiper  in  the 
park  position.  ^ 

Some  windshield  wiper  systems  have  a  wind- 
shield washing  unit.  The  washers  are  energized 
by  depressing  a  button  which  is  part  of  the 
control  switch.  When  the  button  is  depressed, 
the  washer  relay  coil  is  energized,  placing  the 
pump  in  operation. 

HEATERS  AND  DEFROSTERS 

Hot  water  heaters  are  part  of  the  engine 
cooling  system,  since  they  circulate  the  cooling 
ifquid  from  the  engine  through  the  heater 
radiator.  The  heater  has  an  electrically  driven 
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Figure  1M9.-Schematic  diaorams  of  a  thrt^ 
speed  windshteW  wiper. 
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Figure  11-20.  -PiCiOriai  diagram  of  a 
directional  signal  system. 


fan  which  circulates  air  through  the  heater 
radiator  so  that  the  output  air  is  warmed. 

The  defroster  operates  in  a  manner  similar  to 
the  heater,  usually  deriving  heat  from  the  same 
heater  radiator.  The  defroster,  however,  directs 
the  flow  of  warm  air  against  the  windshield  to 
prevent  condensation  or  freezing  of  mojsture. 

The  only  service  the  heater  will  normally 
require  is  a  periodic  flashing  out  when  the 
engine  radiator  is  flushed,  A  defective  heater  fan 
motor  is  usually  replaced  by  a  new  one:  how- 
ever, it  is  possible  to  replace  bearings,  armature, 
brushes,  and  certain  other  small  parts  under 
emergency  conditions. 

DIRECTIONAL  (TURN)  SIGNALS 

The  directional  signals  (fig.  1 1-20)  permit  the^ 
operator  to  signal  *  .s  intention  to  make  a  right 
or  left  turn.  The  direction  of  turn  is  indicated  by 
flashing  lights  on  the  front  and  rear,  and 


sometimes  on  the  side  of  the  v  hide..  The  rear 
lights  are  red  in  color  and  part  of  the  Stoplight 
system:  the  front  directional  signals  are  dually 
white  or  amber  in  color.  Both  thefroifland  rear 
lamps  (bulb^)  of  the  directional  signal  system 
normally  contain  a  second  filament  which  is 
used  in  the  parking  light -system.  Indicator  lights 
are  installed  on  the  instrument  panel  of  the 
^vehicle  to  provide  the  operator  with  the  fol- 
lowing indications:, 

1.^  Direction  of  the  turn.:  . 
•  2.  Whether  or  not  the  directional  signal 
switch  lever  has  returned  to  th?  neutral  position 
after  completion  of  a  tuni. 

3.  The  system  is  operating  properly  or  im- 
properly. 

When  Ih^  Signal  switch  lever  is  moved  in  one 
direction  or  the  other,  a  circuit  is  completed 
between  the  battery  and  the  proper  indicating 
lights.  The  connections  are  completed  through  a 
flasher,  a  device  that  opens  and  closes  the  circuit 
at  proper  inter'uls,  thus  providing  a  flashing 
signal.  The  flashing  action  is  a  result  of  healing  a 
thermostatic  clement  within  the  flasher.  The 
wiring  circuit  of  afepresentative  stop-directional 
light  signal  ^^'stem  indicating  a  right  turn  with 
the  brakes  apphed  is  shown  in  figure  11-21. 

The  directional  signal  switch  (fig.  11-22)  is 
located  under  the  steering  wheel.  The  lever  is 
manually  operated  to  indicate  a  turn,  and  when 
the  turn  is  completed  and  the  steering  wheel  is 
returned  to  the  straight  ahead  position,  the 
switch  is  unlatched  and  returned  to  neutral 
position.  The  return  action  is  accomplished  by 
means  of  a  cam  on  the  steering  wheel  hu1?  and  a 
trigger  on  the  switch-lever  plate.  Directional 
signal  levers  automatically  return  to  neutral  after 
the  turn  has  been  made. 

^  AUXILIARY  POWER  RECEPTACLES 

Auxiliary  power  recepta(;les  vary  from  vehicle 
H^o  vehicle.  In  some  applications,  the  auxiliary 
power  receptacle  is  mounted  near  the  equipment 
battery.;  The  receptacle  has  two  large  pins,  one- 
pin  is  connected  to  the  positive  terminal  of  the 
battery,  and  the  other  pin  is  connected  to  the 
negative  terminal.. 

The  auxiliary  power  receptacle  is  used  to 
obtain  power  from  an  external  source  for 


338 


Chapter  1 1  -  AUTOMOTIVE  ACCESSORIES 


charging  batteries,  engine  starting,  and  for 
operating  other  components  or  the  vehicle. 

The  NC-5^  and  a  few  other  power  units 
provide  convenience  outlets  (power  receptacles) 
of  a.c.  and  d.c.  for  use  by  the  maintenance  crews 
in  performing  their  duties.  In  this  application 
the  power  generating  systen\  of  the  vehicle 
provides  power  to  the  outlets.  Throu^  proper 
placement  of  switches,  power  can  be  obtained 
for  test  equipment,  soldering  irons,  etc.,  so  tests 
and  repairs  can  be  made  without  having  to  move 
to  shop  or  hangar  spac«*s. 

RADIO  (ELECTRONIC)  INTERFERENCE 
AND  INTERFERENCE  SUPPRESSION 

Any^sparks  created  by  the  operation  of 
elec|ricai  equipment  (spark  plugs,  c*xuit 
breakers,  coils,  generators,  regulators,  magnetos, 


distributor  assemblies),  by  a  loose  or  dirty 
connection,  or  by  chafing  of  metal  to  metal  may 
cause  interference  with  radio  reception  of 
nearby  receivers.  •  In  addition,  such  sparks  can 
disclose  the  location  of  the  vehicle  to  sensitive 
electronic  detectors.  Since  the  units  ofelectrical 
equipment  are  connected  by  a  wire  or  a  series  of 
wires,  as  in  an  automotive  ignition  system,  the 
wiring  acts  as  an  antenna  to  transmit  the 
interference  created  by  the  spark  into  the  air.. 
The  spark-producing  unit  causes  the  radiated 
energy  to  affect  a  wide  band  of  frequencies  on  a 
radio  receiver,  with  pronounced  effects  on 
certain  frequencies. 

Ignition  Noises 

When  distributor  breaker  points  are  opened 
and  closed  by  operation  of  the  engine,  the 
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ignition  coil  produces  a  high  voltage  current 
which  flows  across  the  gap  in  the  spark  plug  to 
cause  ignition.  The  sparks  at  the  plugs  and  those 
at  the  breaker  points  cause  violent  surges  of 
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current  to,  flow  in  all  wires  involved  in  spark 
plug  firing\(fig.  11-23).  Around  each  wire,  a 
magnetic  fiehl  builds  up  and  collapses  with  each 
make  and  breal^  of  the  circuit. 
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The  resultant  noise  in  the  receiver  from 
breaker  points,  distributors,  or  spark  plugs  is 
recognized  by  clicking  sounds  which  vary  in 
rapidity  and  intensity  vvith  the  speed  of  the 
engine. 

Generator  Noises 

With  the  generator  in  operation,  there  is  some 
sparking  between  the  brushes  and  commutator 
segments.  Generators  in  gooa  mechanical  con- 
dition may  exhibit  some  sparking,  but  this 
usually  is  not  severe  enough  to  cause  radio 
-interference.  This  type  of  sparking  is  increased 
by  any  of  the  mechanical  defects  listed  below:: 

1 .  Brushes  do  not  fit  commutator. 

2.  Brushes  worn  more  than  one-half  original 
length. 

3.  Incorrect  brush  spring  tension. 

4.  Collection  of  oil  or  carbon  particles 
around  commutator.. 


5.  Commutator  worn  out-of-round. 

6.  Generator  loaded  in  excess  of  rated 
capacity. 

7.  Commutator  segments  burned  or  grooved* 

8.  High  insulation  between  segments  of  com- 
mutator. 

Sparking  between  the  brushes  and  com- 
mutator segments  may  cause  interference  in 
nearby  radio  sets.  This  type  of  interference  can 
be  recognized  by  a  roaring  or  whining  noise  that 
varies  in  pitch  with  the  spe'ed  of  the  engine. 

Body  Noises 

Body  noises  are  produced  by  loose  screws  and 
bolts  which  allow  various  parts  of  the  body  to 
chafe  against  each  other.  Jhis  chafing  produces 
static  discharges  which  are  a  source  of  inter- 
ference to  radio  receivers.  Static  charges  caused 
by  friction  and  induced  charges  from  wiring  on 
the  vehicles  are  collected  by  the  vehicle  body. 
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These  charges  are  retained  by  poorly  grounded 
sections  of  the  body  until  th^y  build  up  to  a 
sufficient  value  to  jump  any  well-grounded 
part  of  the  vehicle.  Each  discharge  causes  a  spark 
of  sufficient  intensity  toi  create  interference  in  a 
radio  receiver.  1 

.  Looseness  in  the  hood,  brackets,  and  bolts 
can  cause  considerable  noise  in  a  receiver.  This 
type  of  disturbance  is  intermittent,  varies  in 
volume,  and  can  be  detected  as  a  frying  or 
snapping  sound.  It  can  be  detected  only  when 
the  vehicle  is  in  motion,  or,  by  moving  the  loose 
parts,  it  can-  be  recongized  as  a  scratching  sound 
in  a  receiver.  ^ 

Suppresdon  Methods 

Various  methods  are  used  to  suppress  radio 
interference  caused  by  a  vehicle: 
1;  Resistor-suppressors. 

2.  Capacitors. 

3.  Filters. 

4.  Bonding. 

5.  Shielding. 

Application  of  one  of  the  above  methods  is 
usually  sufflcient  to  adequately  suppress  the 
interference  from'  any  one  source.  However,  in 
some  instances  it  may  be  necessary  to  use  a 
combination  of  these  methods  to  obtain  tt^ 
desired  amount  of  suppression.  " 

RESISTOR-SUPPRESSORS. -These  are 
•normally  installed  in  the  secondary  circuit  of  the 
ignition  system.  They  may  be  in  the  form  of  a 
resistor  built  into  the  disitributor  rotor,  distri- 
butor cap,  spark  plugs,  or  ignition  leads,  and  at 
the  present  time  the  resistor  type  ignition  leads 
are  the  most  widely  used  type  of  suppressors.  ^ 
The  resistor-suppressors  are  placed  into  the 
secondary  circuit  to  reduce  the  intensity  of 
electrical  surges  that  occur  in  the  circuit,  and 
thus  reduce  the  interference  in  electronic  equip- 
ment. The  resistance  of  the  suppressors  is  high 
enough  to  control  the  electrical  surges  but  not 
high  enough  to  afTect  che  operation  of  the 
engine. 

CAPACITORS.---These  are  units  of  metal  toils 
separated  by  paper  insulation  and  protected  by  a 
metal  case.  The  case  is  filled  with  an  im- 
pregnating compound  to  keep  moisture  out.  A 
wire  connected  to  one  side  of  the  capacitor  is 


provided  for  connection  internally  to  the  case. 

Surge.<!  created  in  the  wiring  by  sparks  at  the 
generator  brushes,  regulator,  and  gage  contacts 
are  not  as  strong  as  those  produced  by  high* 
tension  ignition  circuits  because  the  voltage  is 
low,  but  they  are  strong  enough  to  cause 
interference  in  a  radio  set.  Resistor^suppressors, 
cannot  be  used  in  these  circuits  because  their 
resistance  would  reduce  the  low  voltage  current 
too  much.  However,  capacitors  may  be  used  to 
dissipate  these  surges.  They  are  attached  to  the 
circuit  as  near  as  possible  to  the  point  at  which  ^ 
the  spark  occurs.  The  case  of  the  capacitor  is 
mounted  on  the  metal  frame  of  the  unit  causing 
interference,  and  the  capacitor  wire  is  connected 
to  the  terminal.  A  capacitor  allows  the  inter- 
fering voltage  to  pass  freely  to  ground  (frame 
and  body  of  vehicle),  and  at  the  same  time 
prevents  any  loss  of  the  useful  direct  current. 
Thus,  the  surges  are  conducted  away  from  the 
wiring  and  cannot  cause  interference. 

FILTERS.~An  assembly  made  of  a  closely 
Mvound  coil  of  heavy,  wire  and  one  or  more 
capacitors,  all  electrically  connected  together 
and  mounted  in  a  metal  container,  is  called  a 
filter.  The  capacitors  act  in  the  same  manner 
described  previously,  and  the  coil  of  wire  acts  to 
block  the  interfering  voltage  from  getting  farther 
into  the  circuit.  Filters  are  used  in  some  gen- 
erator, regulator,  and  low-tension  ignition  cir- 
cuits. 

BONDING.-This  term  is  applied  to  the 
method  of  electrically  connecting  individual 
metal  sections  to  each  other  and  to  the  frame  or 
body  of  the  vehicle.  Such  bonding  is  necessary 
to  provide  an  easy  path  to  ground  for  static 
charges.  Bonding  is  accomplished  by  internal* 
^  external  toothed  lock  washers,  and  by  bond 
straps.  The  better  the  connection  between  metal 
parts,  the  greater  is  the  effect  in  preventing 
interfering  waves  from  being  thrown  off  to 
affect  radio  reception. 

SHIELDING -This  term  is  applied  to  the 
method  of  covering  with  a  grounded  metal 
shield  all  wiring  carrying  interfering  voltages  or 
surges.  Woven  metal  conduit  is  used  where 
flexibility  is  required  >  while  solid  conduit  is  used 
elsewhere.  Units  causing  interference,  such  as 
spark  plugs,  ignition  coil,  distributor,  and 
regulator,  are  enclosed  in  metal.  This  shielding 


ERLC 


342 


r47 


Chapter  1 1  -  AUTOMOTIVE  ACCESSORIES 


does  not  reduce  the  intensity  of  the  interfering 
surges,  but  prevents  their  radiation  by  providing 
a  path  to  ground.  While  such  shielding  is^ 
effective  in  preventing  the  radiation  of  inter- 
fering waves,  filters  and  capacitors  are  necessary 
to  eliminate  any  interfering  surges  that  would 
otherwise  travel  on  the  wires  and  affect  the 
radio  set  through  the  power  supply.  Such  filters 
and  condensers  are  enclosed  in  metal  boxes 
provided  with  means  of  attachment  to  the 


conduit  which  contains  the  connecting  wires. 

^Suppression  of  radio  interference  is  a  task  of 
utiiiost  importance  to  the  ASE.  Any  electrical 
interference  in  ground  support  equipment  may 
result  in  impropeiiy  alined  or  tuned  aircraft 
electronic  equipment,  which  would  greatly  re- 
duce the  effectiveness  of  th^  aircraft.  It  be- 
hooves the  ASE  to  be  concerned  and  to  become 
familiar  with  ^  the  problem  of  radio  interference 
and  how  to  eliminate  it. 
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The  electrical  power  requirements  for  startinj 
and  servicing  modem  aircraft  are  exjtremely 
high;  even  in  aircraft  Mjrippetf^iwttroatteries, 
and  with  the  batten^  fully  charged,  their 
capacity  is  not  sufficient  to  withstand  the  heavy 
fbad  of  starting  an  aircraft  engine  or  the  power 
drain  of  prolonged  operational  ground  checks. 

The  Niivy  has  expended  enormous  amounts  of 
time,  and  money  in  the  engineering  of  power- 
plants  which  are  used  for  starting  aircraft  en- 
gines and  for  furnishing  power  for  electrical  and 
.^jectronic  circuits  when  performing  operational 
ground  checks. 

NOTE:  Batteries  are  rot  to  be  used  to  start 
aircraft  recipiocating  engines  except  in  an  ex- 
treme emergency.  The  purpose  of^ito  aircraft 
battery  is  to  operate  some  of  the  instnunents 
and  the  radio  in  case  of  a  loss  of  generator 
power. 

Although  some  theory  is  discussed  in  this 
chapter,  the  major  intent  is  to  acquaint  the  ASE 
with  some  of  the  most  commonly  used  types  of 
electric  powerplants  presently  in  service  in  the 
Navy.  A  ^eral  diiscussion  of  the  electrical 
systems  of  each  unit  is  given,  tying  together  the 
major  components  which  make  up  the  particular 
powerplant.\ 

Working  with  ground  support  equipment  can 
be  a  veiy  dangerous  job  unless  the  personnel 
understand  and  practice  safety.  Because  of  the 
pot^tial  dangers^ Involved  with  electrical  power- 
plants,  assigned  personnel  should  be  extra  cau- 
tious in  operating  and  maintaining  them. 


MOBILE  ELECTRIC  POWERPLANTS 

There  are  many  and  varied  types  of  mobile 
electric  powerplants  (MEPP)  available;  some  are 
designed  for  universal,  use,  while^  othf can  be 
used  only  on  specific  aircraft.  The  ASB,  there- 


fore, should  become  familiar  with  the  Index  and 
Application  Tables  for  Mobile  Electric  Ptower- 
plants,  NavWeps  19-45-1.  This  manual  contains 
technical  data  and  general  informatioa  and 
serves  ^.^^uide  to  various  types  and  models  of 
^mdfsttSmd  skid-mounted  electric  pdwerplants 
currently  in  seiVice  in  the  Navy. 

E-APU 

The  tnodei  E-APU  (fig.  12-1)  produces  d-c 
electrical  power  for  starting  aircraft  recipro- 
cating engines  and  for  servicing  aircraft  electrical 
and  electronic  systems.  This  powerplant  is  a 
portable,  self-containcd^nit  i^onsisting  of  a 
4  cylinder,  4-stroke  cycle/^quid-cooled  gasoline 
engine  which  drives  a  standard^aitcraft  genetnior 
through  a  system  of  four  V4>elts  flrtkk^spliiiCii 
shaft. 

The  entire  powerplant  and  the  control  box 
assembly,  containing  a  voltage  regulator  a  re* 
verse  current  relay,  a  voltmeter,  and  a  switch 
assembly,  are  shock  moimted  on  a  2-wheeled 
dolly.  The  unit  is  designed  for  portable  duty 
where  ease  of  movement  is  a  prime  factor.  It 
may  be  easily  converted  for  mounting  in  a 
stationary  position  simply  by  removing  the 
handlebar,  the  wheels,  and  the  axle  assembly;  or 
it  may  be  suitably  blocked  up  and  bolted 
securely  through  four  holes  provided  in  the 
mounting  rails-thus  providing  a  permanent  in- 
stallation. 

The  engine  is  designed  to  operate  at  a 
maximum  governed  speed  of  3,000  rpm;  and  the 
generator,  running  at  1.8  times  cngiae_speed 
provides  an  output  of  7.5  kw  regulated  to  28.5 
volts  d.c.  Cooling  air  is  provided  through  a 
blower  and  air  duct  arrangement  to  prevent  the 
generator  from  overheating.  (See  fig,  12-4.yl1ie 
electrical  system  wiring  is  arranged  so  that  the 
reverse  current  relay  (fig.  12-2)  can  be  used  in  a 
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Figura  12.1.-MEFP  E  APU. 


switch  to  motorize  the  generator  when  starting 
the  engine.  In  some  installations^  the  wiring  is 
arranged  so  that  the  reverse  current  relay  is 
bypassed  during  the  motorizing  operation.  A 
standard  24-volt  battery  is  an  integral  part  of  the 
powerplant. 

The  voltage  regulator  and  the  voltmeter  are 
located  on  the  subbase  mounted  on  the  power- 
plant. 

Hie  engine  may  be  started  either  manually  or 
electrically.  Manual  starting  is  accomplished  by 
pulling  the  starting  cable  in  one  rapid  move- 
ment. To  start  the  powerplant  electrically*  place 
the  control  switch  in  the  START  position.  (This 
causes  the  generator  to  operate  as  a  motor;  as 
such,  it  turns  the  engine  until  it  starts.)  Release 
the  control  switch  when  the  powerplant  engine 
starts.  After  the  engine  warms  up»  place  the 
control  switch  in  the  LOAD  position  to  supply 
power  to  the  battery  and  the  external  load. 


NC-2A 

The  NC-2A  (fig.  12-3)  is  a  self-propeUed 
diesel-engine-powered  service  unit.  It  is  front-ax- 
le driven,  steered  by  the  two  rear  wheels,  and 
readily  maneuverable  in  congested  areas.  The 
front  axle  is  driven  by  a  28-volt  d-c,  reversible, 
variable-speed  motor,  capable  of  propelling  the 
unit  up  to  14  mph  on  level  terrain,  and  the  unit 
has  a  turning  radius  of  approximately  1 1  feet. 

The  primary  source  uf  power  is  a  3-cylinder, 
water-cooled  diesel  engine  which  drives  the  a*c 
and  d-c  generators  through  a  speed  increasing 
transmission.  All  controls;  both  propulsion  and 
electrical  power,  are  available  to  the  operator  on 
three  panels  located  in  the  front  and  to  the  right 
of  the  operator's  seat. 

The  powerplant  is  designed  for  air  transport 
and  is  provided  with  two  tiedown  rings  each  on 
the  front  and  the  rear  bumpers.  Forklift  chan- 
nels are  located  between  the  front -and  rear 
axles,  providing  s^^fe  lifting  points  for  the  unit. 

A<c  Generator 

The  a*c  generator  is  an  aircraft  type,  single 
bearing,  synchronous,  120/208-volt,  400-hertz, 
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Figura  12-2.-E-APU  •(•ctrical  gentrating  tyitom. 


3-phase,  4-wirc  wye,  brushless  generator  with  an 
output  of  30-kva  at  6,000  rpm. 

D-c  Gmerator 

The  d-c  generator  is  an  aircraft  type  generator 
with  an  output  of  28  volts  and  up  to  500 
amperes  at  a  speed  of  6,000  rpm. 

Govemors 

The  powerplant  utilizes  two  electronic  gover- 
nors-the  engine  governor  assembly  and  the 
drive  control  module  assembly.  The  engine 
governor  assembly  monitors  the  output  frequen* 


cy  of  the  a*c  generator  to  control  the  engine^ 
speed.  Speed  control  is  accomplished  by  actuat- 
ing the  governor  actuator  motor,  which  adjusts 
the  engine  internal  fuel  control.  With  the 
START/DRIVE  SERVICE  POWER  switch  in 
the  START/DRIVE  position,  the  drive  contro! 
module  assembly  controls  the  speed  of  the  d-c 
motor  by  actuating  the  governor  actuator  mo- 
tor, controlling  the  d-c  generator  output. 

System  Operation 

The  NC-2A  system  is  broken  down  into  four 
major  circuits  for  ease  of  explanation,  but  it 
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should  be  kept  in  mind  that  they  are  actually 
tied  together  and  are  interrelated.  The  following 
paragraphs  describe  the  function  and  the  opera- 
tional sequence  of  various  components  and 
circuits  of  the  NC-2A. 

ENGINE  STARTING  CIRCUIT.-- Refer  to 
flgure  12-4  for  a  simplified  schematic  of  the 
starting  circuit  and  to  figure  1 2*5  for  an  illustra- 
tion of  the  engine  control  panel.  MASTER 
SWITCH  CB4  mMSt  be  closed,  which  will  ener- 
gize START  CUTOUT  RELAY  K21,  closing 
contacts  Bl  and  B2.  START/DRIVE-SERVICE 
POWER  switch'  S29  must  be  in  the 
START/DRIVE  position  prior  to  engine  start. 

Holding  ENGINE  START  switch  Sl4  in  the 
start  position  energizes  auxiliary  start  relay  K20 
'and  torque  motor  control  relay  K27.  Start 
solenoid  LI  is  now  energized  through  the  closed 
contacts  of  relay  K20,  and  starter  motor  B3  is 
energized  through  the  closed  contacts  of  sole- 
noid LI.  Fuel  shutoff  solenoid  L3  is  also 
eneigized,  permitting  free  flow  of  fuel  to  the 


engine,  and  is  held  energized  during  unit  opera- 
tion through  water  temperature  switch  SI  1  and 
engine  oil  pressure  switches  IS. 

The  engine  fuel  control  tube,  which  positions 
the  fuel  injector  control  racks,  is  connected  to 
governor  actuator  motor  B4  by  means  of  the 
engine  fyel  rod.  Battery  voltage,  reduced  by 
resistor  R9,  drives  the  actuator  motor  to  the 
injector  full  load  position  Cor  engine  starting 
through  closed  contacts  Al  and  A2  of  relay 
K27. 

After  the  engine  fires,  releasing  ENGINE 
START  switch  SI 4  deenergizes  relays  K20  and 
K27,  solenoid  LI,  and  starting  motor  B3.  Start 
cutout  relay  K2L  is  deenei^zed  by  voltage 
regulator  VR3  when  the  engine  reaches  approxi- 
mately 500  rpm<  With  the  engine  operating  and 
relay  K27  deenergized,  contijol  of  the  engine 
rpm  is  maintained  by  the  governor  actuator 
motor  and  the  drive  control  module. 

Should  an  overspeed  condition  occur  during 
starting,  or  during  unit  operation,  overspeed 
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ft  12-4.-En9int  starting  circuit. 


twitch  S19  will  close  and  energize  aiK  lockout 
relty  K19.  Air  shutoff  solenoid  L2  1^  now 
eneifizid  through  closed  contacts  Al  and  of 
nday  K19.  After  an  oyerspeed  shutdown^ 
thutoff  solenoid  L2  must  be  manually  reset 
before  engine  restart  can  be  accomplished. 


VEHICLE  PROPULSION  CIRCUIT,--Refer 
to  figure  12-S  for  an  illustration  of  the  engine 
control  panel,  and  to  figure  12*6  f<^  a  ^plified 
schematic  of  the  propulsk>n  circuit.  Prior  to 
vehicle  propuMon  the  following  conditions  mutt 
exist-en^ne  must  be  operating,  ThC  POWER 
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switch  S5  in  the  OFF  position,  and 
START/DRIVE-SERVICE  POWER  switch  S29 
in  the  START/DRIVE*  position. 

For  forward  operation,  drive  motor  lockout 
relay  K17  and  forward  control  relays  K13  and 
K14  must  be  energized.  This  is  accomplished  by 
placing  VEHICLE  MOTION  switch  S9  in  the 
FWD  position  and  depressing  brake  switch- S7. 
Drive  motor  lockout  relay  K17  is  now  energized 
by  battery  voltage  through  limit  switch  S4, 
brake  switch  S7,  and  blocking  diode  CR5,  Relay 
K17  is  held  energj^ed  during  forward  operation 
by  battery  voltage  through  START/ 
DRIVE-SERVICE  POWER  switch  S29,  blocking 


diode  CR6,  and  its  own  closed  conta-  BI  and 
B2.  Battery  voltage  applied  through  switch  S29, 
the  closed  contacts  of  K17,  Cl  and  C2,  the 
closed  contacts  of  K18,  A2  and  A3,  energizes  re- 
lays K13  and  K14  to  close  their  contacts/ A 1 
and  A2,  across  the  drive  motor. 

For  reverse  operation,  VEHICLE  MOTION 
switch  S9  is  placed  in  the  REV  position  and 
brake  switch  S7  is  again  depressed,  permitting 
reverse  control  auxiliary  relay  K18  and  reverse 
control  relays  K15  and  K16  to  be  energized. 
Contacts  Al  and  A2  of  relays  KIS  and  K16  are  i 
closed,  directing  d-c  generator  -output  voltage  \ 
through  the  drive  motor  in  the  reverse  direction. 


1. 
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Figur*  12-5.-EngirM  control  panal. 
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Fiflurt  12<6.-V6hicl«  propulsion  eiraiit 


During  reverse  operation,  relay  K18  is  held 
energized  by  its  own  closed  contacts  BKand  B2. 

Control  of  the  powerplant  spe^  during  pro- 
pulsion is  the  same  for  forward  or  reverse 
operation.  Safety  switch  S27  must  be  held 
dosed  and  the  accelerator  pedal  must  be  de- 


pressed. With  d<  voltage  regulator  VR2  isolated 
from  the  propulsion  circuit,  a  control  or  biasing 
voltage  must  be  induced  across  the  fleld  of  the 
d-c  generator  to  permit  generator  dutput*  This  is 
accomplished  by  depressing  the  accelerator  ped- 
al and  closing  limit  switch  S4.  Battery  voltage, 
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reduced  by  speed  regulating  resistor  Rl,  is 
induced  across  the  d-c  generator  field  through 
switch  S29.  The  d-c  genefator  output  voltage, 
which  energizes  drive  motor  Bl,  is  now  con; 
trolled  by  engine  speed,  and  involves  accelerator 
rheostat  R4,  drive  control  module  E6,  and 
governor  actuator  motor  B4.  The  higher  the 
putput  voltage,  the  faster  the  powerplant  moves. 
^  Governor  actuator^  piotor  B4  is  connected  to . 
the  engine  fuel  control  rack  and  adjusts  engine 
speed  by  controlling  the  amount  of  fuel  injected 
into  the  engine.  After  initial  engine  start,  the 
governor  .tuator  motor  is  held  in  the  engine 
idle  speed  position  by  spring  action.  The  gover- 
nor actuator  motor  is  actuated  for  engine 
control  by  variable  output  signals  from  drive 
control  niodule  E6  as  rheostat  R4  is  reposi- 
tioned by  theaccelerator  pedal. 

I>C  POWER  CONTROL  AND  DISTRIBU- 
TION.—Refer  to  figure  12-7  for  an  illustration 
of  the  d-c  control  panel  and  to  figure  12-8  for  a 
simplified  schematic  of  the  d-c  power  control 
and  distribution  circuit*  Prior  to  d-c  power 
distribution,  the  engine  must  be  operating,  and 
START/DRIVE-SERVICE  POWER  switch  S29, 
must  be  in  the  SERVICE  POWER  position. 

Actuator  control  relay  K4  and  a-c  generator 
control  relay  K5  are  energized  -  by  battery 
voltage  when  switch  S29  is  placed  in  the 
SERVICE  POWER  position.  Governor  actuator 
motor  B4  is  now  controlled  by  engine  governor 
assembly  El  through  the  closed  contacts  of 
relay  K4.  The  field  of  a-c  generator  Gl  is 
connected  to  a-c  voltage  regulator  VRl  through 
the  closed  contacts  of  relay  K5.  The  engine 
governor  assembly  monitors  the  a-c  generator 
output,  sending  controlling  signals  to  the  gover- 
nor actuator  motor  to  m.amtain  engine  rpm.  ^ 

When  D-C  POWER  switch  S5  is  placed  in  the  ' 
IK:  POWER  position,  fiHH  control  relay  Kll 
energizes,  contacts  Bl  and  B2  u  ^e,  and  the 
circuit  is  completed  between  d-c  voltage  regula- 
tor VR2  and  the  field  of  d-c  generator  G2.  Thie 
battery  voltage,  reduced  to  approximately  1-volt 
d.c.  by  resistor  R5,  is  fed  througli  diode  CR4 
into  the  d-c  voltage  regulator  at  pin  C  to  boost 
the  residual  magnetism  of  the  generator  and  in- 
sures buildup  of  the  output  voltage.  After  the 
^nerator  voltage  has  built  up,  GEN  ON  light  ^ 
DS20  illuminates  and  a  28-volt  d-c  signal  is  fed 
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through  diode  CR3  into  the  voltage  regulator  at 
pin  C.  A  loss  of  this  signal  will  cause  a  d-c 
voltage  shutdown. 

After  connecting  the  d-c  cable  to  the  aircraft, 
d-c  power  distribution  is  accomplished  by  press- 
ing D-C  SERVICE  CABLE  ON  button  S26, 
which  energizes  d-c  output  power  relay  KIO, 
completing  the  circuit  to  d-c  service  output  jack 
J6.  D-C  SERVICE  ENERGIZED  light  DS19  will 
illuminate,  indicating  that  relay  KIO  has  ener- 
gized and  d-c  ppwer  is  available  for  distribution. 

Overvoltage  relay  K25  is  connected,  to  the  B+ 
output  of  the  d-c  generator.  It'  senses  any 
overvoltage  not  corrected  by  d-c  voltage  regula- 
tor yR2.  When  energized,  the  ovepoltage  relay, 
in  turn,  energizes  lockout  relay  K12.  Relay  K12 
then  deenergizes  field  control  relay  Kl  1,  which 
removes  the  28-volt  d-c  signal  from  the  voltage 
regulator,  and  stops  the  generator  output^  Output 


\  ■ 

1 .     Generator  voltrnttar.    6.     D-c  Mrvkc  cattle 
2:     Panailiiiht.  ^    anargizad  Ught 
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5.  D-c  aarvica  cabIa        8.     D-c  powar  awltch. 
off  button 
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Figura  12-8.-D-C  powar  control  and  distribution  cfrcuit.; 
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power  relay  KIO  will  be  deenergized  it  d-c 
Sf^rvicing  was  in  progress.  After  an  overvoltage 
shutdowih  relay  K12  will  remain  energized  until 
I>C  POWER  switch  S5  is  placed  in  the  OFF 
position. 

A-C  POWER  CONTROL  AND  DISTRIBU- 
TION.-Refer  to  figure  12-9  for  an  illustration 
of  the  a-c  control  panel,  and  to  figure  12-10  for 
a  simplified  schematic  of  the  a-c  power  control 
and  distribution  circuit.  Prior  to  a-c  power 
distribution,  the'  engine  must  be  operating,  and 
START/DRIVE-SERVICE  POWER  switch  S29 
must  be  in  the  SERVICE  POWER  position. 


Engine  control  is  the  same  as  described  under 
d-c  power  control  and  distribution. 

A-c  power  is  controlled  by  a-c  voltage 
regulator  (VRl)  in  conjunction  with  time  delay 
relay  K3,  over-  and  undervoltage  relay  K7,  over- 
and  underfrequericy  relay  K8,  a-c  generator 
control  relay  K5,  lockout  Velav  K6,  and  circuit 
breakers  CBl,  CB2,  and  CB3. 

NOTE:  Re'iy  K3  is  a  thermal  time  delay  relay 
set  to  operate  5  to  IQ  seconds  after  voltage  is 
applied  to  the  coil.  This  time  delay  is  incorpo- 
rated in  the  circuit  to  allow  protective  relays  K7 
and  K8  to  reach  their  opiating  positions.  When 
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1 .  Generator  voltmeter. 

2.  Panel  li^t. 

3.  Generator  ammeter., 

4.  Generator  on  light. 
B,  Frequency  meter. 
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10.    Test  receptacle. 


Figure  12-9.-A-C  control  panel. 
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'  /  K3  is  activated,  contacts  5  and  7  will  close, 
,  mitting  relay  K6  to  energize  if  either  or  both 
relays,  K7  and  K8,  aie  deenergized  due  to  a 
fault  condition, 

CAUTION:  Approximately  30  seconds  are 
required  to  cool  the  thermal  control  circuit 
within  relay  K3.  Tlierefore,  in  the  event  of  a 
fault,  START/DRIVE-SERVICE  POWER  switch 
S29  should  be  placed  in  the  SERVO  BOOST  or 
the  START/DRIVE  position  and  the  engine 
permitted  to  idle.;  If  the  unit  is  operating 
^properly,  this  amount  of  time  is  required  prior 
to  going  into  the  SERVICE  POWER  position 
again. 

With  switch  S29  in  the  SERVICE  POWER 
position,  a-c  generator  control  relay  K5  is 
energized  through  normally  closed  contacts  C2 
and  C3  of  relay  K6,  completing  a-c  generator  Gl 
to  a-c  voltage  regulator  VRI  circuit.  Relay  K3 
will  not  energize  for  5  seconds.  This  time  delay 
allows  the  a-c  generator  to  reach  rated  voltage 
and  frequency  and  prevents  inadvertent  tripping 
of  over-  and  undervoltage  relay  K7  and  over-  and 
underfrequency  relay  K8  when  going  into  the 
service  power  position,  At  rated  voltage  and 
frequency,  relays  K7  and  K8  are  energized, 
opening  circuits  to  relay  K6  and  closing  them  to 
A-C  SERVICE  ON  button  S23  and  A-C  GEN 
ON  light  DSl. 

After  connecting  the  a-c  cable  to  the  aircraft, 
press  A-C  SERVICE  ON  button  S23.:  Relay  K2 
energizes,  completing  the  circuit  to  a-c  service 
output  connector  J2.  A-C  SERVICE 
ENERGIZED  Olf  light  DS2  will  light,  indicating 
that  relay  K2  has  energized  and  a-c  power  is 
available  for  distribution. 

NC-7C 

The  NC-7C  is  powered  by  a  V-8  gasoline 
engine,  and  contains  two  d-c  generators,  an  a-c 
generator,  a  control  console  for  control  of  the 
engine  and  both  electrical  power  systems,  and  a 
propulsion  system  for  moving  the  powerplant 
under  its  own  power  (fig.  12-1 1).  Access  doors 
are  provided  for  the  control  console,  engine 
compartment,  battery  compartment,  cable  stow- 
age compartment,,  and  tool  compartment,  A 
hand  control  unit  is  provided  on  the  tow  bar  for 
controlling  the  unit  during  self-propelling  opera- 


tions. A  fire  extinguisher,  readily  i^tcessible  for 
emei^ency  use.  is  mounted  near  the  tow  bar,: 

CAUTION:  Do  not  move  the  powerplant  by 
means  of  the  self-contained/:propulsion  mecha- 
nism while  supplying  po^er  to  an  aircraft.; 
Under  no  condition  is  the/Pov/erphni  to  be  used 
as  a  prime  mover  for  iov^g  other  equipment.. 

The  self-propelling  /feature  should  be  used 
only  when  moving  fr^pne  aircraft  to  another 
or  from  the  line  to  ^fte  hangar  if  the  distance  is 
not  too  great,  Fo^  greater  distances,  the  unit 
must  be  towed-toWing  speed  is  20  mph. 


/ 

/ 
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Figure  power  Qenerattng  system  blodc  diagram. 


D-c  Power  System 

The  outputs  from  the  two  d  c  generators  are 
used  for  jet  starting  and  for  servicing  d< 
components  in  aircraft.  Also,  an  output  from 
one  of  the  d-c  generators  is  used  to  power  the 
self-propulsion  system.  The  d-c  generators  are 
rated  at  750  amperes  continuous  and  1,000 
amperes  intermittently. 

Aircraft  d-c  servicing  requires  28.5-volt  d-c 
power,  which  is  supplied  by  generator  No.  1. 
(See  fig.  12-12.)  Both  voltage  and  current  are 
monitored  and  regulated.  A  carbon  pile  voltage 
regulator  controls  the  output  voltage  and  also 
provides  current  limiting  of  this  generator.  A 
voltage  regulator  coil  and  compensation  coil  act 
together  to  regulaie  Jthe  generator  output  volt- 
age. The      age  regula*'^^-  coil  senses  line  voltage 
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variations  and  compensates  for  them  by  varying 
the  resistance  of  the  carbon  pile.  The  resistance 
variation  changes  the  generator  shunt  field  ex- 
citation, resulting  in  an  output  voltage  cor- 
rection. The  current  regulator  coil  varies  the 
resistance  of  the  carbon  pile  to  provide  a 
constant  output  current  of  750  amperes  for  d-c 
servicing. 

A-c  Power  System 

The  a-c  electrical  power  system  (fig.  12-12) 
provides  120/208-volt,  3-phiaSe,  400-Hz  power 
for  servicing  aircraft  a-c  components.  The 
frequency  developed  by  the  a-c  generator  is 
maintained  within  limits  by  the  use  of  a  speed 
governor  to  control  the  speed  of  the  gasoline 
engine  in  the  powerplant.  When  the  generator 
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comes  up  to  a  predetermined  speed,  the  centri- 
fugal force  contacts  of  the  underspeed  governor 
are  closed  and  the  exciter  coil  is  connected  into 
the  generator  circuit.  The  output  voltage  of  the 
generator  is  controlled  by  a  magnetic  amplifier 
voltage  regulator.  The  voltage  regulator  controls 
the  exciter  excitation,  thus  regulating  the  a-c 
generator  field  excitation  and  the  output  voltage 
of  the  generator.  Output  voltage  and  current  are 
monitored  by  a  volt-meter  and  ammeter  for 
phases  A,  B,  or  C  as  desired.;  Current  trans- 
formers provide  ammeter-indicated  current 
monitoring  of  each  phase.  In  order  to  protect 
the  cunent  transformers  from  damaging  current 
when  they  are  not  being  used  to  monitor  a 
phase,  the  transformer  secondaries  are  shorted 
oirf.  Current  limiting  fuses  are  used  to  carry  a 
cunent  of  87  an^peres  -continuously,  130 
amperes  for  5  minutes,  and  174  amperes  for  5 
seconds.  Auxiliary  a-c  components  are  serviced 

J 


by  use. of  the  120-volt,  400-Hz  convenience 
outlets.  ' 


NC-8A 

The  NC-8A  (fig.  12-13)  is  a  mobile,  self- 
propelled  unit  used  for  servicing  and  starting 
rotary  and  fixea  wing  aircraft.  It  is  powered  by  a 
4-cylinder,  two-stroke-cycle,  diesel  engine  con- 
trolled by  an  electro-hydraulic  governor. 

This  unit  has  one  dua^purpose  generator, 
capable  of  supplying  both  a-c  and  d-c  power 
simultaneously.  It  consists  of  a  d-c  generator  and 
a  synchronous  alternator  enclosed  in  one 
housing  (fig.  12-14).  The  mainshaft,  connected 
to  the  engine  by  a  driving  disk  (1),  drives  the  a-c 
generator  rotating  field  (4)  and  the  d-c  generator 
rotating  armature  (6).  Field  excitation  for  the 
generator  is  supplied  by  the  vehicle  battery.  The 
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Figure  12-14.'-Cutaway  view  of  an  NC-8A  generator. 
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generator  is  cooled  by  two  internal  fans  (3  and 
5)  mounted  on  the  mainshaft. 

All  engine  controls  and  instruments  are  lo- 
cated directly  in  front  of  the  operator,  and 
controls  and  instruments  for  the  generator  are 
located  to  the  operator's  right.; 

Vehicle  propulsion  power  is  provided  by  a 
28-volt,  direct-current,  reversible,  variable*speed 
motor  (fig.  12-15).  The  motor  is  connected  to 
the  rear  wheels  via  an  automotive  type  differ- 
ential, and  speed  is  controlled  by  a  conventional 


foot-operated  accelerator  pedal.  The  direction  of 
travel  is  controlled  by  a  switch  mounted  on  the 
instrument/control  panel. 

D-c  Power  System 

,  The  d-c  generator  provides  28  volts,  500 
amperes  continuously,  or  28  volts,  750  amperes 
intermittently. 

When  the  mode  selector  switch  is  placed  in 
the  output  power  position,  batteiy  voltage  is 
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supplied  to  'the  d-c  generator  fields  and  to  the 
engine  governor.  As  the  .generator  .output  in- 
creases to  28  volts,  the  regulator  samples  the 
output  voltage  and  furnishes  the  proper  amount 

■?of  field  excitation  to  maintain  a  constant  28 
volts..  When  the  rated  output  is  reached,  the 
operator  connects  the  output  to  the  load  by 
closing  the  d-c  cable  switch,  whiofi  energizes  the 

^d-c  output  load  contactor.:  During  load  operation 
the  output  voltage  tends  to  drop  due  to  losses 
within  the  generator  and  the  cable,  but  the 


voltage  regulator  compensates  for  these  losses  by 
increasing  the  field  excitation., 

A-c  Power  System 

The  a-c  generator  provides  UO/208-volt, 
3-phase,  400-Hz,  60-kya  power  when  only  the 
a-c  power  is  befng  used.  When  both  the  d-c  and 
the  a-c  power  are  used  simultaneously,  the  a-c 
power  is  limited  to  34  kw. 

When  the  mode  selector  switch  is  placed  in 
the  output  power  position,  the  a-c  generator 


1.  D-C  drive  motor. 

2.  Differential  and  gear  drive. 

3.  Rear  axle. 

Figurs  12-15.-NC-8A  wif-propulsion  package. 
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field  is  flashi  i  by  battery  voltage.  As  engine  rpm 
increases  and  the  voltag^e  output  increases  to 
120/208  volts,  the  voltage  regulator  samples  the 
generator  output  and  provides  bias  for  the 
exciter,  whicli  causes  the  exciter  to  maintain  the 
generacor  field  at  a  leve^  to  give  a  constant  rated 
output.  The  electrohydiaulic  governor  regulates 
the  engine  speed  to  maintain  a  constant  fre- 
quency of  400  Hz.  After  the  rated  output  is 
reached,  the  operator  connects  the  output  to  the 
load  by  closing  the  a-c  cable  switch,  energizing 
the  a-c  load  contactor.  During  load  operation, 
the  generator  output  tends  to  drop  due  to 
armature  drop  and  reaction,  but  the  closed  loop 
regulating  system  compensates  for  the  power 
drop  in  the  cables  and  the  generator  by  in- 
creasing the  field  excitation. 

Vehicle  Propulsion  and 
Control  System 

A  d-c  series  traction  motor  converts  the  d-c 
generator  output  into  mechanical  power  to  drive 
ihe  vehicle.  With  the  mode  selector  switch  set  to 
the  propulsion  position,  excitation  to  the  d-c 
generator  is  kept  constant  at  battery  voltage 
level;  and  variation  of  vehicle  speed  is  obtained 
by  varying  the  input  voltage  to  the  motor.  The 
vehicle  operator  depresses  the  accelerator  pedal 
to  varyjhe  speed  reference  signal  to  the  electro- 
hydraulic  governor.  Varying  this  reference  signal 
causes  the  governor  to  change  engine  speed, 
which,  in  turn,  changes  the  generator  output. 
The  vehicle's  direction  is  controlled  by  a  relay 
circuit  which  reverses  the  polarity  of  the  voltage 
delivered  to  the  traction  motor.  A  speed  sen- 
sitive switch  prevents  changing  the  direction  of 
travel  at  speeds  greater  than  3  miles-per-hour. 

Protective  System 

This  system  is  designed  to  prevent  damage  to 
the  engine,  the  generator,  the  propulsion  system, 
aid  the  electrical  systems  as  a  result  of  a  fault 
condition. 

Circuit  breakers  provide  overload  protection 
for  the  a-c  and  d-c  generators,  and  a-c  and  d-c 
load  contactors  provide  line  protection. 

An  integral  part  of  the  protective  system  is 
the  fault  locator  with  its  associated  relays  and 
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fault  sensitive  devices.  The  fault  locator  will 
automatically  shut  dctvnior  idle  the  engine, 
deactivate  the  generator,  open  the  load  con- 
tactors, and/or  deactivate  the  propulsion  system 
if  a  fault  occurs.  It  is  positioned  on  the 
generator  control  panel,  and  enables  the  ASH  to 
determine  which  of  tlie  following  conditions 
activated  the  fault  locator's  protective  circuitry. 

1 .  A-c  over/  undervoltage . 

2.  Over/underfrequency. 

3.  D-c  overvoltage. 

4.,  High  engine  coolant  temperature. 

5.  Low  fuel  supply. 

6.  Low  engine  oil  pressure. 

A  reset  button  is  provided  to  return  the  fault 
locator  circuitry  to  the  operating  condition  after 
the  malfunction  has  been  conected. 

An  overspeed  switch  and  an  air  shutoff 
solenoid  are  provided  to  activate  at  2,750  (±  50) 
engine  rpm,  causing  a  damper  to  restrict  air  flow 
to  the  engine,  thus  shutting  it  down. 

NC-lOB 

The  NC-lOB  (fig.  12-16)  is  a  diesel-engine- 
driven  unit  designed  for  shipboard  or  shore 
station  use.  This  unit  supplies  90-kva, 
120/208-volt,  3-phase,  400-Hz  power  for 
servicing,  starting,  and  maintaining  helicopters 
and  jet  aircraft.  A  portion  of  the  electrical 
power  generated  is  rectified  to  supply  28  volts 
a,c.  at  750  amperes  (1^000  amperes  inter- 
mittent) for  aircraft  starting. 

The  powerplant  is  enclosed  in  a  steel  housing, 
fabricated  in  two  sections  which  are  easily 
removed  for  sefVicing  the  unit.  Operating  com- 
ponents are  mounted  on  a  4-whe€l  trailer  which 
is  equipped  with  mechanical  type  internal  ex- 
panding wheel  brakes.  The  brakes  may  be  set  by 
a  hand  lever,  and  are  set  automatically  when  the 
tow  bar  is  in  the  vertical  position. 

Double  hinged  doors  provide  access  to  the 
control  panel,  starting  components,  and  three 
output  power  cables. 

The  plant^s  electrical  system  is  protected  from 
overload  by  output  circuit  co:  tactors,  circuit 
breakers,  overvoltage  and  undervoltage  relays, 
overfrequency!  and  underfrequency  relays,  ther- 
mal overload  relays,  and  fuses. 
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This  unit  is  self-propelled .  for  movement 
between  aircraft  on  the  line,  by  two  hydraulic 
wheel  motors.  The  operator*s  control  is  located 
on  the  towbar.  Hydraulic  pressure  is  supplied  by 
the  hydraulic  system  which  also  provides  pres- 
sure to  operate  the  engine  starter  and  the 
electrobydraulic  governor's  actuator  system. 

Power  generation,  both  d-c  and  a-c,  is  con- 
trolled by  the  operator  from  the  control  panel 
located  at  the  right  front  of  the  unit.  The 
control  panel  (fig.  12-17)  contains  three  func- 
tional groups  of  instruments- the  a-c  controls, 
the  d-c  controls,  and  the  engine  controls. 

D<  Power  System 

The  d-c  power  supply  of  the  NC-lOB  is 
obtained  from  a  6-phase,  full-wave  transform- 


er-rectifier, using  3-phase,  400-Hz,  120/208-vcflt 
generator  output  as  a  power  source.:  The  d-c 
output  voltage  is  regulated  by  a  two*stage 
magnetic  amplifier  circuit.  The  output  d-c  volt- 
age range  is  22  to  39  volts.  The  voltage  is 
regulated  v  ithin  ±  1/2-volt  at  all  loads  up  to  750 
amperesr  The  maximum  output  is  750  amperes 
continuous  duty,  or  1,000  amperes  on  a  10- 
second-on,  20-second-off  duty  cycle. 

Protective  relays  protect  the  power  supply 
from  current  and  voltage  overloads.  A  cable  is 
provided  for  connection  of  d-c  power  to  aircraft, 
and  a  cable  reel  is  provided  for  cable  stowage. 

A<  Power  System 

I 

The  NC-1  OB  is  equipped  with  an  a-c  generator 
which  develops  90-kva,  1 15/200-volt,  3-phase, 
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Figure  12-16.-MEPP  NCIOB. 
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1. 

A-c  output  ammeter. 

15. 

Water  temperature  gaga. 

2. 

Indicating  light*  a-c 

16. 

Fuel  level  gage^  accumulator. 

output  No.  1. 

17. 

Indicating  light,  fluid  pressure. 

3. 

Fret|ueney  meter. 

18. 

Governor  switch. 

4. 

Indicating  light,  a^ 

19. 

Master  swrtch. 

output  No.  2. 

20. 

Panel  light  switch. 

5. 

A-c  voltmeter. 

21. 

D-c  service-helicopter  start 

6. 

Indicating  light,  fault 

switch. 

indicator. 

22. 

D-c  output  ON  switch. 

7. 

D-c  output  ammeter. 

23. 

0<  output  OFF  switch. 

8. 

Indicating  light,  d-c 

24. 

Fault  reset  switdi. 

output. 

25. 

Fault  tracer  switch. 

9. 

D-c  voltmeter. 

26. 

A-c  output  No.  2  OFF  switch. 

10. 

Tall  light  switch. 

27. 

A-c  output  No.  2  ON  switch. 

11. 

Oil  premre  gage. 

28. 

A-c  output  No.  1  OFF  switch. 

12. 

Battery  meter. 

29. 

A-c  output  No.  1  ON  switch. 

13. 

Tachometer. 

30. 

Volt-ampere  phase  selector 

14. 

Hourmeter.  ^ 

switch. 
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4-wire,  400-Hz  power  when  driven  at  1 ,846  rpm. 
Generator  field  flashing  and  excitation  are  pro- 
vided by  a  24-volt  battery.  When  the  engine  is 
running,  excitation  is  supplied  by  a  magnetic 
ampiifler  type  voltage  regulator. 

The  a-c  voltage  regulator  is  also  a  two-stage 
magnetic  amplifier  type.  The  regulator  supplies 
total  power  to  the  a-c  generator  field  circuit  and 


regulates  the  output  voltage  within  I  percent  no 
load  to  full  load.;  The  input  power  to  the  voltage 
regulator  is  200  volts,  3-phase,  400-Hz.  The  a-c 
power  system  is  protected  from  overload,  over- 
voltage,  undervoltage,  and  frequency  variations 
by  appropriate  protective  devices. 

The,  a-c  output  voltage  is  applied  to  aircraft 
through  two  30-foot  cables  which  are  contained 


1.  Electrical  control  panel. 

2.  Engine  control  panel. 

3.  Chain  strap. 

4.  Safety  reflector*;. 

5.  Manual  shutter  control 
lever. 

6.  Tow  bar. 

7.  Safety  cable. 


8.  Parkinj9  brake  lever. 

9.  Tow  bar  return  springs. 

10.  Automatic  shutters. 

1 1 .  Output  cable  storage. 

12.  Control  paneb  access  door. 

13.  Schematic  diagram  encapsulation. 

14.  Lubrication  diagram  encapsulation. 

15.  Floodlight  mounting  location. 
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Figure  12  18.-MEPP  NC-12A. 
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on  separate  return  reelSkhaving  automatic  ratchet 
stops.  Collector  rings  and  brushes  within  the  reel 
hubs  provide  continuous  electrical  contact 
through  the  cables. 

NC-12A 

The  NC-12A  (fig.  12-18)  is  a  fully  enclosed, 
diesel-engine-driven,  dual  output  powerplant.  It 
provides  a  120/208-volt,  5-phase,  400-Hz, 
125-kva  output,  or  87.5-kva  af-c  power  simulta- 
neously with  a  750-ampere,  28-volt  d-c  output. 
A  d-c  output  of  950  amperes  can  be  obtained 
intermittently  when  only  the  d-c  power  is  being 
used. 

The  generator  assembly  consists  of  two  brush- 
less  a-c  generators  and  two  brushless  exciters, . 
mounted  on  a  common  shaft  and  directly  coupled 
to  the  engine.  The  NC-1 2A  provides  a  d-c  output 
by  rectifying  the  output  of  one  of  the  generators. 
The  generator  outputs  are  separately  con- 
troUed-one  by  the  a-c  regulator,  and  the  other 
by  the  d-c  regulator..  ^ 

The  powerplant  and  its  components  are 
mounted  on  a  4-wheel  trailer  equipped  with 
mechanical  rear  wHIiel  brakes  which  are  actuated 
by  a  hand  lever,  or  tty  the  spring-loaded  tow  bar.. 
These  units  are  not  equipped  with  self-propeJling 
features,  ^d  must  be  towed. 

.  D<  Power  System 

The  d-c  power  system  consists  of  a  housing 
assembly,  a  cooling  fan  assembly,  two  output 
bus  bars,  and  a  voltage  regulator.  Two  output 
cables  are  attached  to  the  unit  at  the  two  bus 
barS|  The  d-c  voltage  regulator  assembly  contains 
a  transistofized  voltage  regulator  circuit.  (The- 
c  y  of  operation  of  this  regulator  is  discussed  in 
chapter  13  of  this  training  manual.) 

The  output  of  the  a-c  generator  is  applied  to  a  , 
^ransformer-rectifier  network  which  produces 
the  necessary  d-c  output  voltage,  and  the  voltage 
regulator  maintains  the  output  at  a  constant 
level.  A  cooling  fan  assembly  provides  necessary 
cooling  for  the  components  of  the  d-c  power 
system.  The  d-c  output  cable  assembly  consists 
of  two  30root  rubber  insulated'  cables  which,  are 
stowed  in  the  cable  stowage  tray.  The  operating 
controls  and  the  indicators  for  the  d-c  power 


supply  are  located  on  the  power  supply  control 
panel  (fig.  12-19). 


A-c  Power  System 

The  a-c  power  system  consists  of  a  brushless 
generator,  a  voltage  regulator,  and  the  necessary 
protective  devices.  (See  fig?  12-20.) 

The  generator  exciter  generates  an  a-c  output 
which  is  rectified  by  a  full-wave  rectifier  inter- 
nally mounted  in  the  generator  and  applied  to 
the  a-c  generator.  The  generator  then  produces 
an  a-c  output.  The  voltage  output  of  the 
generator  exciter  is  regulated  by  the  ja-c  voltage 
regulator  in  the  a-c  power  supply.  This  regulator 
senses  each  .  phase  of/  the  generator  output 
voltage  and  responds/  to  the  average  of  the 
3-phase  voltage.  If  the^  output  voltage  varies  due 
to  load  fluctuations/ or  varying  engine  perfor- 
mance, the  regulator  produces  a  compensating 
current  flow  in  the^generator  exciter  field  which, 
in  turn,  causes^  change  in  the  exciter  output 
with  an  uhimat£  correction  in  the  a-c  generator 
field  current. /This  action  continues  until  the 
generator  output  voltage  settles  at  its  original 
value.  .  , 

The  a-c  output  is  also  carried,  by  two  30-foot 
cable  assemblies.  The  controls  and  indicators  for 
the  a-c  power  system  are  located  on  the  power 
supply  control  panel  (fig.  12-19). 


RCPT-105 

The  RCPT-10$  (fig.  12-21)  is  a  gas-tur- 
bine-driven aircraft  ground  service  unit, 
mounted  in  a  low-silhouette,  self-propelled  trail- 
er.. The  low  silhouette  desig^  and  the  self^propul- 
sion  system  enable  the  unit  to  be  maneuvered  in 
congested  aircraft  parking  areas.  It  is  completely 
self-contained-provides.compresi5ed  air  for  start- 
ing the  main  engine,  a-c  and  d-c  electrical  power 
for  operation  of  aircraft  components,  and  condi- 
tioned air  for  aircraft  compartment  cooling  and 
pressure  suit  ventilation.  All  controls  and  instru- 
ments for  the  unit  arc  grouped,  by  system,  on 
one  panel  located  at  the  right  rear  of  the  unit 
(fig.  12-22). 


Chapter  ((-  POWER  GENERATING  EQUIPMENT 


1. 

AMPERES  A.C. 

16. 

2. 

Panel  lamp. 

17. 

3. 

VOLTS  A.C. 

18. 

4. 

Panal  lamp. 

19. 

S. 

Frequency. 

20. 

6. 

Panel  lamp. 

21. 

7. 

AMPERES  D.C. 

22. 

8. 

Ponal  lamp. 

23. 

9. 

VOLTS  D.C. 

24. 

10. 

D.C.  VOLT  ADJ. 

25. 

11. 

10A  fl. 

/  26. 

12. 

10Af2. 

27. 

13. 

10A  f3. 

28. 

14. 

10A  f4. 

ra. 

15. 

D.C.  LOAD  ON  lamp. 

,30. 

D.C.  LOAD  OFF  switch. 

D.C.  LOAD  ON  switch. 

24V  DC  floodlight  receptacle. 

115  V.  400  Hz  convenience  outlet. 

JET  START-  COPTER  START  switdi. 

FIELD  FLASH  switch. 

A.C.  VOLT  ADJ. 

LINE  DROP  TRANSF  switch. 

A.C.  LOAD  ''B"OFF  switch. 

A.C.  LOAD  ''B"  ON  switch. 

Load  "8"  ON  lamp. 

A.C.  LOAD  "A"  OFF  switch. 

A.C.  LOAD  "A"  ON  switch. 

Load  "A"  ON  lamp. 

VM-AMSELSW. 


Figure  12'19.-Power  supply  control  pane). 
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Figure  12-20.-Power  system  block  diagram. 


A-c  Power  System 

The  a-c»  power  system  produces  a  regulated 
n5/208-volt,  3-phase,  4Q0-Hz,  60-kva  output. 
The  generator  is  mounted  |  on  the  turbine  engine 
,  accessory  ca  ?  :iiid  driven  through  a  gear  reduc- 
\  tion  at  approximately  6,2!00  rpm.  Excitation  is 
^lovided  by  a  d-<  exciter  that  is  integral  with  the 
a-c  generator..  Excitatioii  current  to  the  a-c 


generator  fields  is  controlled  by  the  a-c  voltage 
regulator,  which  senses  the  difference  in  actual 
output  voltage  and  a  fixed  l^eference  vbltage 
established  within  the  regulator.-.Tjie  frequency 
is  controlled  by  the  engine  rpm.* 

Protection  for  the" a-c  power  system  is  provid- 
ed by  the  generator  lockout  and  anticycie 
relay,  the  cable  contactor  relay,  the  unaervolt- 
age  lockout  relay,  the  overvoltage  relay,  the 
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underfrequcncy  relay,  the  overload  heater  re- 
lays, and  the  undervoltage  relay. 

D-c  Power  System 

The  d-c  power  system  rectifies  a  portion  of 
the  a-c  generator  output  to  provide  d.c,  for 
external  use,  and  for  battery  charging  and  unit 
operation.  A  transformer-rectifier  provides  28, 
vol.ts  at  1 50  amperes  maximum. 

Protection  for  the  d-c  system  is  provided  by  a 
circuit  breaker  located  on  the  circuit  breaker 
panel  (fig,  12-23),  and  by  a  cable  contactor.  The 
circuit  breaker  panel  also  includes  circuit  break- 
ers for  the  a-c  and  the  d-c  auxiliary  circuits,  the 
refrigeration  control  circuit,  and  the  turbine 
engine  control  circuits.  The  circuit  breaker  panel 
is  moi  .ited  directly  below  the  control  panel. 

Propulsion  System 

The  RCPT-105  is  provided  with  a  self-propul- 
sion mechanism  (fig.  12-24)  for  use  in  moving 


the  unit  over  distances  not  to  exceed  2,000  feet 
on  a  smooth,  level  surface.  Fi  ^  greater  distances, 
the  unit  must  be  towed.  Power  to  operate  the 
28-volt  d-c  reversible  drive  motor,  located  on  the 
rear  axle,  is  provided  by  the  unit's  batteries.  The 
operator  controls  are  located  on  the  towbar,  and 
a  time  delay  relay  is  used  to  keep*  the  brakes 
applied  for  4  seconds  after  the  unit  is 
stopped~this  delay  insures  that  the  unit  is 
completely  stopped  before  changing  direction  of 
travel.* 


^  MOBILE  MOTOR  G^^NERATOR  SETS 

Mobile  motor-generat(/r  sets  (MMG's)  perform 
the  same  function  as  the  mobile  electric  power- 
plants,  but  they  are  not  self-contained  and 
require  an  external  source  of  electrical  power  for 
operation.  Th?  MMG's  are  primarify  used  in 
hangars  on  shore  stations,  or  on  the  hangar 
decks  of  aircraft  carriers  where  the  running  of  an 
internal  combustion  engine  would  be  objectionable. 


\ 


Figure  12.21.-RCPT-105. 
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1. 

Panel  light. 

15. 

D-c  meter  transfer  switch. 

2. 

5: 1  ratio  indicator  lamp. 

16. 

Phase  selector  switch. 

3. 

High  oil  temperature 

17. 

A-c  power  switch. 

indicator  lamp. 

18. 

A*c  voltmeter. 

4. 

Tachometer. 

19. 

A-c  amn>eter.. 

5. 

Turbin  ^  engine  exhaust 
/gas  {temperature  indicator. 

20. 

Conditioned  air  temperature 
indicator. 

6. 

Panel  light  control. 

21. 

Air  temperature  control. 

7. 

Output  air  selector  switch. 

:  22. 

Temperature  indicator  selector 

8. 

Oil  pressure  indicator. 

switch. 

9. 

Master  switch. 

23. 

Refrigeration  switch 

10. 

Transfer  switch. 

(refrigeration  unit  No.  1). 

11. 

Turbine  engine  start  switch. 

24. 

Pressure  suit  temperature 

12.^ 

D-c  voltmeter. 

control  switch.  \  ' 
Refrigeration  si^ttch 

13.  ^-c  ammtter.. 

25. 

14. 

D-c^power  output  switch. 

(refrigeration  unit  No.  2). 

AS.3S9 

Figure  12*22. --Control  panel. 
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and  where  external  power  is  readily  available. 


MMG-2 


fan  is  mounted  on  the  rotor  shaft  between  the 
rnoto^  and  the  generator  field  windings.  The 
leadirg  particulars  for  the  MMG-2  are  listed  in 
table  12-1. 


The  MMG-2  (fig.  12-25)  is  physically  quite 
small  and  very  cc>^pact.  It  is  a  trailer  mounted 
electric  motor-driven  generator  set  used  to  pro- 
vide 120/208-volt,  400-H2^,  a-c  pc^wer,  and 
28-volt  d-c^  power  for  use  in  ground  mainte- 
nance, calibration,  and  support  for  all  fighter/in- 
terceptor type  aircraft  equipment. 

The  motor  generator  assembly  contains  a 
3-ph{^se  a-c,  synchronous,  1,200-rpm  motor,  an 
a-c  exciter,  and  an  a-c  generator.  The  motor, 
exciter,  and  generator  are  combined  in  a  single 
common-shaft,  two-bearing  assembly.  The  mo- 
tor and  the  a-c  generator  are  brushless,  rotating 
field  types  with  the  field  winding  wound  on  the 
shaft,  and  the  armature  winding  mounted  on  the 
inside  of  the  housing.  The  exciter  is  a  brushless, 
rotating  a-c  type  with  the  armature  winding 
wound  on  the  shaft,  and  the  ^'^ationary  field 
winding  mounted  on  the  inside  of  the  housing. 
The  exciter  delivers  its  output  to  a  shaft-mount' 
ed,  3-phase,  silicon  rectifier  assembly.,  A  cooling 
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D-c  Power  System 

The  d-c  power  supply  (fig.  12-26)  is  mounted 
on  the  rear  of  the  trailer  assembly,  and  is 
regulated  to  supply  500  amperes  at  28  volts 
within  the  range  of  27.5  and  28.5  volts  for  any 
steady  state  load  from  no  load  to  full  load.;  The 
power  supply  consists  of  a  magnetic  amplifier 
assembly,  a  cooling  fan  assembly,  a  power 
transformer ,  assembly,  a  transistorized  voltage 
regulator,  and  a  filter  capacitor  and  overload 
regulator,  and  a  filter  capacitor  and  overload 
relay  assembly,  AH,  components  arp' mounted  on 
a  steel  frame  assembly.;  The  m^^etic  amplifier 
assembly  contains  12  saturable  magnetic  amplifi- 
ers and  12  silicon  controlled  rectifiers.  The 
rectifiers  are  mounted  in  heavy  copper  plates, 
which  function  as  the  primary  conductors.  An 
input  power  change  board,  mounted  above  the 
power  transformer,  contain  18  screw  type  termi- 
nals and  3  sets  of  strappiijg  bars.  The  strapping 
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1. 

Turbine  control  circuit 

4. 

0*c  auxiliary  service 

breaker. 

circuit  breaker.. 

2. 

Turbine  control  circuit 

5. 

A-c  auxiliary  service 

breaker. 

circuit  breaker. 

3. 

Transformer-rectifier 

6. 

Refrigeratk>n  control 

input  circuit  breaker. 

circuit  breirfcer. 
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Figure  12-23.-Circuit  breaker  panel. 
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bars  are  used  to  strap  between  the  terminals  for 
440-volt  a-c  or  220-volt  a-c  operation. 

A-c  Power  System 

Figure  12-27  is  a  simplified  block  diagram 
showing  the  relationship  of  the  circuits  of  the 


mobile  motor  generator.  Input  a-c  power  is 
applied  to  the  contacts  of  a-c  start  control  relays 
Kl  and  K2,  and  to  control  transformer  T9. 
Transformer  T9  steps  the  voltage  down  to  120 
volts  for  application  to  the  relay  circuits.  Input 
a-c  power  is  also  applied  to  reverse  phase  relay 
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Figur* 


AE.153 


.K8.  If  the  phase  connectiohs  of  the  ijiput  a-c 
power  source  are  incorrect  for  proper  operation 
of  synchronous  motor  (Al)  Bl,  reverse  phase 
relay  K8  energizes  and,  in  turn,  energizes  reverse 
phase ,  control  relay  K15,,  When  relay  K15 
energizes,  it  disables  a-c  start  control  relays  Kl 
and  K2,  thus  preventing  synchronous  motor 
(Al)  Bl  from  beinc  started.  When  momentary 
contact  MOIOR  ON  START  switch  S2  is 
depressed,  the  switch  applies  energizing  power 
to  relays  Kl,  K2,  and  K3. 

Energizing  relays  Kl  and  K2  applies  operating 
power  to  the  stator  windings  of  motor  (Al)  Bl, 
and  the  motor  generator  assembly  shaft  starts  to 
rotate.  Time-delay  relay  K3  provides  approxi- 


mately 5  seconds  time  delay  to  allow  the  reverse 
phase  circuit  to  operate  in  the  evtnt  of  improper 
phase  connections.  At  the  end  of  the  time-delay 
period,  relay  K3  energizes  time-delay  relay  K18 
and  a-c  voltage  regulator  control  relay  K5.  Relay 
K18  provides  approximately  5  second:>  time 
delay  to  allow  motor  (Al)  Bl  time  to  reach 
operating  rpm. 

At  the  end  of  the  time-delay  period,  relay 
K18  closes  the  circuit  through  the  normally 
closed  contacts  of  a-c  voltage  fault  protection 
relay  K6,  frequency  fault  protection  relay  K7, 
and  A/C  LOAD  OFF  switch  S3  to  normally 
open  A/C  LOAD  ON  switch  S4.  When  A/C 
LOAD  ON  switch  S4  is  depressed,  it  energizes 
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Tabto  12-1.-MM6  2  leading  particulars 
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Item 

Characteristics 

A-c  output 

30-kva,  120/208V  a-c, 
400-hertz,  3-phase,  4 -wire, 
0.8 -power  factor 

D«c  output 

28v  d-c,  500-ampere 

A-c  voltage 
regulation 

±  1  percent 

D-c  voltage 
reRUlation 

db  0. 5-volt 

Voltage 
moduU^ion 

Within  ±1/4  percent 

Frequeiujy 
regulation 

±  1  percent 

Frequency 
moduWion 

±  1  percent 

Ii^^ut  poorer  - 
required 

220v  Oi-  440v  a-c,  3 -phase, 
3-wire,  60 -Hz 

Motor 

1,200-rpm,  6-pole,  3-phase, 
3-wire,  220v  or  440v  a-c, 
60 -Hz 

Operating 
temperature 
range 

-40'^  C  (-40''  F)  to  +50''C 
(+122''F) 

Weight 

2,680  pounds 

Overall 
dimensions: 

Height 

32  inches 

Width 

44  inches 

Length 

78  inches 

Volume 

57  cubic  feet 
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a-c  output  control  contactor  K4.  Contactor  K4 
then  connects  output  a-c  power  through  over- 
load relays  F2A,  F2B,  and  F2C  to  a-c  output 
cable  assembly  W2.;  When  relay  K5  energizes,  it 
connects  a-c  input  power  to  a-c  voltage  regulator 
VRl.  During  operation,  FREQ.  METER  M3 
constantly  monitors  ant|^  provides  a  visual  indica- 
tion of  the  a-c  output  frequency.  VM-AM 
SELECTOR  switch  S8  may  be  set  to  apply 
individual  line-to-neutral  voltages  to  A/C  VOLT- 
METER M 1 ,  and  individual  line  currents  to  A/C 
AMMETER  M2.  INPUT  VOLTMETER  M5  pro-  ' 
vides  a  constant  visual  indication  of  the  a-c  input 
voltage. 

RX400 

The  RX-400  (fig.  12-28)  provides 
120/208-volt,  3-phase,  400-Hz  a-c  power,  and 
28-volt  ^d-c  power  for  use  in  ground  mainte- 
nance, calibration,  and  support  of  aircraft  equip- 
ment. The  motor  generator  power  supply  con- 
tains two  outpul  channels.  Channel  I  provides 
60-kva,  120-volt  a-c  line-to-neutral,  208-volt  a-c 
line-to-line.  Channel  2  provides  60-kva,  120-volt 
a-c  line-to-neutral,  208-volt  a-c  line-to-line,  or 
28-volt  d-c  at  a  maximum  d-c  load  of  2,000 
amperes-either  a.c.  or  d.c,  but  not  both  at  the 
same  time. 

The  motor  generator  power  supply  consists  of 
a  canopy  assembly,  a  control  panel  installation,  , 
a  rectifier  housing  assembly,  an  output  control 
and  stabilizing  panel  assembly,  a  motor  genera- 
tor assembly,  an  a-c  regulator  panel  assembly,  a 
current  transformer  panel  assembly,  a  trailer 
assembly,  and  miscellaneous  electrical  parts.  A 
fire  extinguisher  is  bracket  mounted  on  the 
front  right-hand  side  of  the  unit.  Two  a-c  output 
cable  assemblies,  a  d-c  output  cable  assembly,' 
and  an  a-c  input  cable  assembly  are  provided. 
One  a-c  output  cable  assembly  and  the  a-c  input 
cable  assembly  are  stowed  in  a  cable  stowage 
bo^  on  the  right-hand  side  of  the  trailer  assem- 
bly. The  second  a-c  output  cable  assembly  and 
the  d-<2  output  cable  assembly  are  stowed  in  a 
cable  .stowage  box  on  the  left-hand  side  of  the 
trailer  asse^nbly. 

The  niofpr  generator  power  generating  system 
contains  two  output  channels.  (See  fig.  12*29.) 
Channel  1  generates  regulate^  120/208-volt  a-c, 
3-phase  pbwer  iit  400  Hz.  cnannel  2  generates 
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1. 
2. 
3. 
4. 
5. 


Terminal  board  awtmbly. 
Input  dwnga  board. 
Control  transfa-mar. 
Fan  asiambiy. 

Magnatk  ampltflar  anembly. 


6.  Baia  aMmbly. 

7.  Capacitor  mount  a«ambty. 

8.  Capacitors, 

9.  Overload  ralays. 


Figure  12>2e.--0-c  power  supply. 
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itgulated  120/208-volt  a-c,  3-phase  power  at  400 
Hz,  or  regulated  28-volt  d.p.  The  motor  generator 
assembly  used  in  the  power  generating  system 
consists  of  two  alternators  and  an  electric  motor 
mounted  on  a  single  shaft.  The  electric  motor  is 
a  3-phasc,  synchronous  1,200-rpm  motor  utili- 


/ 


zing  a  rotating  fleld  with  fixed  armature 
windings.  During  th^  starting  phase  of  operation, 
the  60-Hz  signal  from  the  external  source  is 
rectified  for  use  in  the  alternator  field  buildup 
circuits.  The  field  buildup  circuit  then  supplies 
initial  excitation  voltage  to  the  fields  of  both 
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Figure  12-27.-MMG-2  block  diagram. 


alternators.  When  the  alternator  output  reaches 
a  level  of  approximately  90  volts,  the  field 
buildup  circuit  is  automatically  disconnected 
from  tht  alternator  field  circuit,  and  field 
excitation  voltage  is  supplied  from  the  voltage 
regulator  in  each  channel 


The  voltage  regulator  in  each  channel  is  a 
feedback  circuit  vhich  samples  the  a-c  output 
current  a.J  voltage  from  the  alternator,  and 
provides  d-c  excitation  voltage  to  the  alternator 
field  circuit.  The  voltage  regulators  allow  the 
output ;  of  the  alternators  to  build  up  to  208 
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AE.1S4 


Figure  12'28.-MMG  RX-400. 


volts  a.c,  and  then  maintain  the  o  tput  at  this 
level.  If  the  alternator  output  varies  d.:z  to  load 
fluctuations  or  engine  performance,  the  voltage 
regulator  produces  a  competisating  current  flow 
in  the  alternator  field  circuit  which  results  in 
U)rrection  of  the  alternator  output.  If  the  a-c 
output  increases  above  the  208-volt  level,  the 
voltage  regulator  proportionately  clecreases  the 
d-c  excitation  voltage  applied  to  the  alternator 
field  circuit.  This  action  automatically  decreases 
the  a*c  output  voltage  of  the  alternator.  If  the 
output  decreases  below  the  200*volt,  output 
level,  the  voltage  regulator  proportionately  in- 
creases the  d-c  excitation  voltage  applied  to  the 
alternator  field,  which  atuomatically  increases 
the  a-c  output  from  the  alternator.  This  action 
continues  until  the  alternator  output  settles  at 
the  208-volt  output  level. 

Channel  2  may  be  used  to  supply  eithler 
120/208-volt  a.c,  or  28-volt  d.c;  it  will  not 


supply  both  a-c  and  d-c  power  at  the  same  time. 
Output  circuit  breaker  CB3J  is  mechanically 
interlocked  with  d-c  output  circuit  breaker 
CB41--both  circuit  breakers  cannot  be  in  the 
ON  position  at  the  same  time.  When  channel  2  is 
used  for  d-c  operation,  feedback  voltage  to  the 
voltage  regulator  is  supplied  from  the  d-c  output 
circtiit  through  relay  CR33,  and  the  a»c  voltage 
output  from  the  alternator  No.  2  drops  to 
approximately  90  volts. 

The  a-c  output  voltage  for  channel  1  may  be 
monitored  by  voltmeter  VM2I.  Selector  $«vitch 
VS21  is  used  to  select  a^y  channel  I  line-to-neu- 
tral ^voltage  for*  monitoring.  Tne  a-c  output 
current  for  channel  I  may  be  monitored  by 
ummeter  AM2!.  A  current  sensing  transformer 
(CTI,  CT2,  or  CT3)  senses  the  output  (Current 
for  each  phase.  Selector  switch  AS21  is  used  to 
select  any  line  for  monitoring  the  current  on 
ammeter  AM21 . 
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The  a-c  output  voltage  for  channel  2  may  be 
monitored  by  voltmeter  VM3L  Selector  switch 
VS31  is  used  to  select  any  channel  2  line-to-neu- 
tral voltage  for  monitoring.  The  a-c  output 
current  for  channel  2  may  be  monitored  by 
ammeter  AM3L  Again,  a  current  sensing  trans- 
former (CT31,  CT32,  or  CT33)  senses  the 
output  current  in  each  phase.  Selector  switcK 


AS31  is  used  to  select  any  line  for  monitoring 
the  current  on  ammeter  AM3 1 . 

The  d-c  output  voltage  for  channel  2  is 
continuously  monitored  by  voltmeter  VM41, 
and  the  d-c  output  current  for  channel  2  is 
continuously  monitored  by  ammeter  AM4L 

For  a  detailed  description  of  operation  of  the 
RX^OO,  consult  NW-1945-282. 
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POWER  GENERATING  SYSTEMS 


Power  generatii)g  systems  vary  in  type,  size, 
capacity,  and  numbeir  of  generators,  depending 
upon  the  demands  made  upon  the  powerplant. 
A  system  may  consist  of  one  dual-purpose, 
a-c-d-c  generator  (NG-8A);  one  a-c  generator 
and  a  rectiOer  (NC-lOB);  two  a-c  generators  and 
a  rectifier  (NC-12A);  one  a-c  and  one  d-c 
generator  (NC-2A);  or  one  a-c  and  two  d-c 
generators  (NG-7C). 


D-C  GENERATORS 

I 

A  d-c  generator  is  a  rotating  machine  that 
converts  mechanical  energy  into  electrical  ener- 
gy. This  conversion  is  accomplished  by  rotating 
an  armature,  which  carries  conductors,  in  a 
magnetic  field,  thus  inducing  an  emf  in  the 
conductors*  In  d-c  generators  the  armature  is  the 
rotating  member  and  the  field  is  the  stationary 
member.  A  mechanical  force  is  applied  to  the 
shaft  of  the  rotating  member  to  cause  the 
relative  motion.  Thus,  when  mechanical  enetgy 
is  put  into  the  machine  in  the  form  of  a 
mechanical  ^orce  or  tNist  on  the  shaft,  causing 
the  sh?>ft  to  turn  at  a  certain  speed,  electrical 
energy^, in  the  form  of  voltage  and  current  is 
delivered  to  the  external  load  circuit. 

The  power  source  used  to  turn  the  armature  is 
commonly  called  a  PRIME  MOVER*  Many 
forms  of  prime  movers  are  in  use,  such  as  steam 
turbines^  diesel  engines,  gasoline  engines,  electric 
.  motors,  and  steam  engines.  Mobile  electric  pow- 
erplants  containing  d-c  generators  are  usually 
driven  by  gasoHne  ov  diesel  engines.  Figure  13-1 
shows  a  typical  prime  mover. 

D-c  generators  used  in  MEt'P's  differ  some- 
what in  design,  because  they  are  built  by  a 
numbey  of  ^manufacturers.  All,  however,  have 
the  same  general  construction  and  operate  simi- 


larly. Figure  13-2  shows  a  representative  d-c 
generator. 

TYPES  AND  RATINGS 


.V 


The  l(l-c  generator  most  commonly  used  in 
MEPFsls  the  28-volt  compound  type  machine; 
that  is,  tne  series  field  is  qpnnected  in  series  with 
Jhe  armature  and  the  shunt  field  is  in  parallel. 
(See  fig.  \  13-3.)  The  high-output  generators  also 
employ  oommutating  poles  (interpoles)  ancl/or 
compensating  windings.  These  kre  employdd^to 
produce  ^^ood  commutation  (minimize  thrush 
sparking)  l^y  counteracting  the  self-indue^  emf 
in  the  jCoIi  undergdihg  ^  commutation  and  by 
opposing  flield  distortion  due  to  armature-'  reac- 
tion. 

Commut^ting-pole  windings  and/or  compen- 
sating windings  are  cqnnected  in  series  with  the 
load  (fig.  13-3);  hence,  all  load  cunent  flows 
through  them.  These  windings  are  series  ele- 
ments of  the  generator's  output  circuit. 

Current  Range 

The  d-c  gpc rators  on  MEPP's  are  deagned  for ' 
a  wide  range  of  current  capabilities*  Generators 
used  on  small  type  MEPP's,  such  as  the  Wauke- 
sha E-APU,  have  a  maximum  current  range  of 
300  amperes.  Larger  MEPP's,  such  as  the'NC-2A 
and  NC-7C,  use  d-c  generators  rated  as  high  as 
500  to  750  aihperes  continuous  duty,  1,000 
amperes  intermittently.  The  ASE  should  consult 
the  applicable  |nahuaM!Qr  the  proper  ciirrent 
nerator  he^maintaining.  Cau- 
exercised,  because  some  d-c 
lot  be  operated  intermittently 
5S '  for  a^  period  exceeding  1 
1  minute  off  for  30  minutes 
operation.  This  niust  be  followed  by  30  minutes 
at  no  load. 


be 


ranges  of  the  g 
tion  should 
generators  must 
at  1,000  ampe: 
minute  oh  and 
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-X^PflmLty  fuel  Hirer. 

2.  Air  inlet  hoi;sing. 

3.  Engine  block. 

4.  Valvo  cover  cap. 

5.  High  coolant  temperature  * 
shutdown  switch. 

6.  Water  temperature  transmitter. 

7.  Fan. 


8.  Alternator-rectifier. 

9.  Secondar^A^fuet  filter. 

10.  Starter.  \ 

11.  Oil  level  dipstick. 

12.  Fuel  pressure  ^Itch. 

13.  Filter, 

14.  Oil  pressure  transm^r. 


AS.361 


Figure  13-1.-Typical  prime  mover. 


Two  d-c  generafors  are  not  usually  mounted 
on  one  MEPP,  however,  the  NC-7C  uses  the 
output  from  two  d-c  generators  for  jet  starting 
and  d-^  servicing. /Also,  an  output  from  one  of 
the  a*c  generators  is  used  to  power  the  propul- 
sion systetn  of  the  powerplant* 


Speed  Range 

D-c  generators  on  MEPP's  are  designed  to 
opente  within  different  speed  ranges*  The  speed 
range  is  that  range  of  speed  in  which  a  generator, 
must  be  operated  in  order  to  obtain  rated 
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AS.365 

Figure  13'3.-ioternal  connections  of  a 
compound  generator. 

generator  output;  that  is,  rated  voltage  at  all 
values  of  load  current  within  the  current  range 
of  the  generator.  The  speed  range  for  an  E-APU 
is  approximately  3,000  rpm,  and  the  generator 

ERLC 


speed  is  controlled  by  the  engine  governor. 

The  speed  range  for  the  NC-7C  d-c  generators 
is  approximately  3,500  rpm  and  is  also  governor 
controlled.. 

Rectifiers 

Rectifiers,  in  conjunction  with  a  stepdown 
transformer,  or  with  a  special,  low-voltage,  a-c 
genei:ator,  supply  28-volt  d-c  power  on  power- 
plants  otiUzing  an  a-c  generator  to  supply  the  d-c 
service  powei^ 

Figure  1 3AXA)  shows  a  wiring  schematic  of  a 
rectifier  system  u*!cd  with  a  stepdown  transform- 
er to  reduce  the  120-volt  a-c  input  voltage  to 
approximately  30  volts  a.c,  which  is  then 
rectified  to  provide  28-volt  d-c  service  power* 
(B)  shows  a  wiring  schematic  of  a  rectifier 
system  used  with  a  special,  low-voltage,  a-c 
generator. 


FACTORS  AFFECTING  GENERATOR 
POWER  OUTPUT 

A  high-speed  generator  can  produce  more 
power  for  a  given  size  than  a  low-speed  machine* 
li:is  is  possible  because  less  wire  in  scries  is 
necessary  to  produce  a  given  voltage  in  the 
high-speed  generator.  Since  a  shorter  length  of 
wire  is  necessary,  a  larger  size  wdre  can  be  used, 
thus  increasing  the  current  capacity  of  the 
generator.' 

Due  to  the  large  amounts  of  current  which 
MEPP  generators  deliver,  cooling  may  become  a 
problem.  Most  of  the  generators  on  MEPP's  are 
cooled  by  integral  built  fans.^The  ASE  should 
always  make  certain  the  generator  is  not  over- 
heating. The  amount  of  heat  which  a  given 
volume  of  air  can  remove  from  a  generator  is 
determined  by  the  density  of  the  air;  the  less  the 
density,  the  le  ;s  heat  removed.  If  the  tempera- 
ture of  the  generator  is  allowed  to  rise  too  high, 
the  insulation  may  become  damaged. 

The  voltage,  current  rating,  and  speed  range 
of  generators  are  usually  found  on  a  metal 
nameplate  secured  to  the  generator  frame.  If  this 
information  cannot  be  found  on  the  generator, 
refer  to  the  manufacturer's  manual. 
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Figure  13-4.-Wirin9  schematics  of  rectifier  systems.  (A)  Rectifier  and  stepdown  transformer; 
(B)  rectifier  and  special,  low-voltage,  a-c  generator. 
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MAINTENANCE 

Generator  failures  or  apparent  failures  are  due 
to  a  variety  of  causes..  Before  removing  a 
generator  that  is  not  delivering  its  rated  voltage 
or  current,  determine  that  the  trouble  is  not 
caused  by  a  fault  in  the  control,  feeder,  or 
regulating  circuits  or  units.. 

Major  repairs  such  as  rewinding  of  armatures 
and  field  ^coils  are  done  at  the  depot  mainte- 
nance activity.  Minor  troubleshooting  for  opens, 
shorts,  and  grounds  of  field  coils  and  armatures 


in  chapter  10  of  this  training 


is  discussed 
manuaL> 

The  ASE  will  encounter  very  little  trouble 
with  d-c  power  generating  systems  if  inspections 
and  maintenance  are  scheduled  and  performed 
in  accordance  with  manufacturer's  or  other 
applicable  manuals. 

Table  13-1  is  a  typical  troubleshooting  chart 
for  d-c  generators.  It  contains  many  of  the 
probable  causes  and  remedies  for  troubles  com- 
monly found  on  d-c  generating  systems. 
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Table  T3-1.-D-C  generator  troubleshooting  chart 


Probable  cause 

Remedy 

Failure  To  Build  Up  Voltage 

Open  field  resistor  . 

Repair  or  replace  resistor. 

Open  field  circuit  

Check  coils  for  open  and  loose  connections. 
Replace  the  defective  coil  or  coils. 
Tighten  or  solder  loose  connections. 

Absence  of  residual  magnetism  in  a  self- 
exciicu  generator. 

Flash  the  field. 

Dirty  commutator  

Clean  or  dress  commutator. 

High  mica  ...... 

Undercut  mica. 

Brushes  not  making  proper  contact 

Free,  if  binding  in  holders.  Replace  and 
reseat  if  worn. 

Newly  seated  brushes  not  contacting  sufficient 
area  on  the  commutator. 

Run  in  by  reducing  load  and  use  a  brush- 
seating  stone. 

Armature  shorted  internally,  or  to  ground  .  . 

Remove,  test,  and  repair  or  replace. 

Grounded  or  shorted  field  coil  . 

Test,  and  repair  or  replace. 

Shorted  filtering  capacitor  .  . 

Replace. 

C^en  filter  choke  

Replace. 

Broken  brush  shunts  or  pigtails  j 

Replace  brushes. 

Output  Voltage  Too  Low 

Prime  mover  speed  too  low  .... 

Check  speed  with  tachometer.  Adjust 
governor  on  prime  mover. 

Brushes  not  seated  properly  . 

Run  in  with  partial  load,  use  brush-seating 
stone. 

Commutator  is  dirty  or  film  is  too  heavy 

Clean,  or  if  film  is  too  heavy,  replace  brushes 
with  a  complete  set  of  proper  grade. 

Field  resistor  not  properly  adjusted 

Adjust  field  strength.   Tighten  all  connections. 
Make  shim  adjustment. 

Reversed  field  coil  or  armature  connec- 
tion. 

Check  and  connect  properly. 
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Table  13-1.-D-C  generator  troubleshooting  chart-Continued 


Probable  cause 

Remedy 

Output  Voltage  Too  ffigh 

Prime  mover  speed  too  high  

Check  speed  with  tachometer. 
Adjust  governor  on  prime  mover,  ^ 

Faulty  voltage  regulator  

Adjust  or  replace* 

Armature  Overheats 

Overloaded  

Check  meter  readings  against  nameplate 
ratings.  Reduce  load 

Excessive  brush  pressure   ^' 

Adjust  pressure  or  replace  tension  springs. 

Couplings  not  alined  

Aline  units  properly. 

End  bells  improperly  positioned  

Assemble  correctly. 

Straighten  or  replace. 

Armature  coil  shorted  

Repair  or  replace  armature. 

Armature  rubbing  or  striking  poles .... 

Check  for  bent  shaft,  loose  or  worn  bearings. 
Straighten  and  realine  shaft.  Replace 
bearings,  tighten  pole  pieces,  or  replace 
armature. 

Clogged  air  passages  (poor  ventilation)  •  ,  ,  , 

Clean  equipment. 

Repeated  changes  in  load  of  great 
magnitude, 

(Improper  design  fur  the 
application) 

Generator  should  be  used  with  a  steady  load 
application. 

Unequal  brush  tension  •  •  •  •  ;  

Equalize  brush  tension. 

Broken  shunts  or  pigtails  

Replace  brushes. 

Open  in  field  rheostat  

Repair  or  replace  rheostat. 

Field  Coils  Overheat 

Shorted  or  grounded  coils  

Repair  or  replace. 

Clogged  air  passages  (poor  ventilation)  .... 

Clean  equipment. 

Overload  (compound  generator)  

Check  meter  reading  against  nameplate  rating. 
Reduce  load 

3HZ 
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Table  la  i.-D  c  9enerat<^r  troubleshooting  chart-Continued 


Probable  cause 


Remedy 


l^arking  at  Brushes 


Overload  

Check  meter  readings  aga  jist  nameplate 
ratings.   Reduce  load. 

Brushes  off  neutral  plane  .... 

Adjust  brush  rlgeine. 

Dirty  brushes  and  commutator  ..... 

Clean  brushes  and  commutator. 

Undercut  mica. 

Rough  or  eccentric  commutator  .  . 

Resurface  commutator. 

Open  circuit  in  the  armature  

Repair  or  replace  armature. 

Grounded,  open-  or  short-circuited  field 
winding. 

Repair  or  replace  defective  coil  or  coils. 

Insufficient  brush  pressure  .  .  . 

Adjust  or  replace  tension  springs. 

Brushes  sticking  in  the  holders 

Clean  holders.  Sand  brushes. 

TESTING 

Operational  testing  of  d-c  generators  is  re- 
quired when  a  generator  has  been  removed 
and/or  repairs  such  as  brush  replacement,  disas- 
sembly, and  reassembly  have  been  completed 
Generally  after  reassembly  the  d-c  generator  is 
placed  on  the  drive  pad  of  the  MEPP. 

A  typical  testing  procedure  is  as  follows; 

1 .  If  new  brushes  have  been  installed,  run  the 
generator  for  20  to  30  minutes  with  no  load  to 
permit  the  brushes  to  seat, 

2.  Place  an  external  load  of  less  than  330 
amperes  on  the  generators. 

NOTE::  The  external  electrical  load  banks  are 
discussed  in  chapter  9  of  this  training  manual 
under  "Test  Equipment." 

3.,  If  operation  is  satisfactory,  stop  the  engine 
and  replace  the  generator  brush  covers. 

4. ;  Reposition  the  d-c  shunts. 

5.  Replace  all  panels  and  door  assemblies  and 
secure  them  properly. 


6.  Adjust  the  generators  to  rated  output.  ~ 
Testing  procedures  for  d-c  generators  will 
vary;  therefore,  the  ASE  should  consult  applica- 
ble manuals  to  conduct  these  tests  properly.  It  is 
beyond  the  scope  of  this  training  manual  to 
discuss  all  methods  used  in  testing  of  d-c 
generators. 


D-C  VOLTAGE  REGULATORS 

D-c  voltage  regulators  are  used  to  maintain  a 
subsuntially  constant  generator  voltage  despite 
variations  in  generator  speed  and  load  condi- 
tions. They  also  equalize  generator  load  in 
installations  involving  two  or  more  generators. 
These  units  are  essentially  automatic  generator 
field  rheostats  that  maintain  a  constant  output 
voltage  by  controlling  the  generator  field  cur- 
rent. 
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CARBON-PILE  VOLTAGE 
REGULATOR 

The  carbon-pile  regulator  employs  a  stack 
of  carbon  washers  (carbon  pile)  for  the  variable 
resistance  element  which  controls  the  generator 
field  current.  When  the  stack  of  carbon  washers 
is  compressed,  the  resistance  is  at  a  minimum. 
As  the  pressure  is  released,  the  resistance  in- 
creases. The  resistance  of  the  carbon  stack  is 
automatically  varied  by  the  action  of  an  electro- 
magnet coil  and  the  spring  tension  of  the 
movable  armature  assembly. 

Operating  Principles 

Figure  13-5  (A)  is  a  simplified  schematic 
diagram  of  a  d-c  carbon-pile  voltage  regulator. 
When  the  generator  armature  first  begins  to 
rotate,  the  wafer  spring  holds  the  carbon  stack 
under  maximum  compression  (low  resistance)  so 
that  the  voltage  produced  by  the  generator's 
residual  magnetism  causes  sufficient  current 
flow  in  the  generator  fiel^  windings.  If  the 
carbon  stack  remained  compressed,  the  genera- 
tor voltage  would  rise  in  proportion  to  the 
armature  speed  and.  would  soon  exceed  the 
recommended  line  voltage.  However,  the  electro- 
magnet coil  (potential  coil)  is  connected  across 
the  main  line  of  the  power  supply  system  and 
any  increase  of  line  voltage  causes  an  increase  of 
current  flow  in  the  electromagnet  coil.  The 
magnetic  force  set  up  by  the  coil  opposes  the 
armature  spring  and  proportionally  reduces  the 
compression  on  the  carbon  stack,  increasing  the 
resistance.. 

The  carbort  stack,  being  in  series  with  the 
generator  shunt  field,  reduces  the  flow  of 
current  through  the  generator  field  coils.  In 
accordance  with  a  previous  adjustment,  a  bal- 
ance point  is  then  reached  between  the  action 
of  the  armature  spring  and  the  magnetic  pull  of 
the  coil  to  maintain  the  proper  amount  of  field 
current  in  the  generator  for  correct  line  voltage. 
This  line  voltage  is  then  automatically  main- 
tained irrespective  of  generator  variations  in 
speed  an^^load.,  Figure  13-5  (B)  shows  a  more 
complete  schematic  which  includes  ah  equalizer 
circuit  that  is  used  when  generators  are  con- 
nected in  parallel  This  is  explained  later.. 
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Figure  13*5.-Schennatlc  diagram  of  a  d-c 
carbon-pile  voltage  regulator. 

Figure  1 3-6  shows  a  cutaway  view  of  a  typical 
carbon-pile  voltage  regulator.  The  major  parts  of 
this  regulator  are  described  in  the  following 
paragraphs. 

The  carbon  washers  are  enclosed  in  a  ceramic 
tube  to  insulate  them  from  the  frame.  They  are 
normally  under  compression  (low  resistance) 
between  the  pile  screw  contact  plug  and  the 
contact  plug  of  the  armature.  The  number  and 
the  type  of  washers  vary  with  the  different 
regulators.  Some  employ  all  washers  of  the  same 
thickness,  while  others  have  "scrambled'*  stacks 
made  up  of  alternately  thick  and  thin  carbon 
washers. 
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Figure  13-6,-Cutaway  view  of  a  d-c 
carbon-pile  voltage  regulator. 


The  resistors  in  series  with  the  electromagnet 
coil  consist  of  one  fixed  resistor  and  one  variable 


resistor.  The  variable  resistor  (rheostat)  is  neces- 
sary to  adjust  the  line  voltage  when  installing  the 
regulator,  since  test  stand  lead  resistance  usually 
vanes  from  that  on  the  MliPP.  The  fixed  resistor 
has  the  greater  resistance  and  therefore  causes 
the  greater  voltage  drop  and  dissipates  the  most 
heat.  This  permits  the  .use  of  a  smaller  rheostat 
which  provides  for  a  finer  adjustment  of  the 
current  flow  in  that  circuit.  A  spring  clip  engages 
a  knurled  flange  o'n  the  adjusting  nut  assembly 
to  prevent  accidental  change  of  the  rheostat 
setting.  The  resistance  winding  of  the  rheostat  is 
contacted  by  a  sliding  arm. 

The  core  screw  forms  the  electromagnet  core 
and  is  made  of  soft  iron.  It  is  screwed  into  the* 
end  plate  and  held  in  place  by  core  locking 
screws. 

The  temperature  compensating  metallic  ring 
which  encircles  the  magnetic  core  is  in  contact 
with  the  inside  wall  of  the  magnet  case.  This  ring 
enables  the  regulator  to  maintain  a  steady 
generator  voltage  for  the  regulator's  range  of 
operating  temperatures.  The  resistance  of  copper 
wire  increases  with  an  increase  in  temperature 
and  decreases  with  a  decrease  in  temperature.  As 
a  result,  changes  in  regulator  temperature  cause 
changes  in  the  resistance  of  the  magnet  coil 
winding;  thus  the  magnetic  flux  induced  by  the 
coiK  which  links  the  armature  and  the  core,  is 
changed.  This  variation  in  llux,  if  not  compen- 
.sated  for,  causes  a  change  in  the  magnetic  attrac- 
tion of  the  core  for  the  armature  and  produces 
excessive  drift  in  the  generator  voltage. 

The  temperature  compensating  ring  has  a 
magnetic  reluctance  (opposition  to  the  passage 
of  magnetic  flux)  which  varies  directly  with 
temperature.  With  an  increase  in  regulator  tem- 
perature, .the  reluctance  of  the  magnetic  path 
between  the  magnet  case  and  the  core  is 
increased  and  a  greater  proportion  of  the  mag- 
netic^ nux  induced  by  the  magnet  coil  links  the 
core  and  armature.  With  a  decrease  in  tempera- 
ture, the  reluctance  of  the  magnetic  path  be- 
tween the  case  and  core  is  decreased  and  a 
greater  proportion  of  the  induced  flux  is  short- 
circuited  around  the  armature.  As  a  result,  the 
magnetic  flux  linking  the  armature  is  reduced. 

The  temperature  compensating  ring  counter- 
acts the  effect  of  temperature  on  the  flux 
linking  the  core  and  armature.  As  a  result,  the 
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1.  A-c  voltage  regulator  terminal.  11. 

2.  A-c  generator  load  switches.  12. 

3.  D-c  generator  input.  13. 

4.  A-c  generator  input.  14. 

5.  Meter  link  terminals.  15. 

6.  Single-phsbe  wattmeter.  16. 

7.  Single-phase  ammeter.  17. 

8.  Three-phase  wattmeter.  18. 

9.  Three-pha^  ammeter.  -  19, 
10.  High-low  frequency  meter.  20. 


A-c  voltmeter. 
Frequency  meter. 
Pressure  gage. 
D-c  ammeters. 
D-c  voltmeter. 
Voltage  regulator  pad. 
Phase  sequence  indicator. 
Load  disconnect  switch. 
D-c  generator  load  switches. 
Relay  pad. 


Figure  137.-Electric  power  equipment  test  asseiiibly,  model  7085.. 
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tendency  of  the  regulator  to  drift  with  changes 
in  temperature  is  reduced. 

The  finned  pile  housing  radiates  the  heat 
developed  during  regulator  operation.  Their  ter- 
minal contacts  extending  through  holes  in  the 
base  provide  for  circuit  connections,  making 
connections  with  contact  blades  m  the  shock- 
mounted  base. 

There  are  many  different  variations  in  the 
design  of  the  carbon-pile  regulator  lust  de- 
scribed, but  they  use  the  same  basic  principles  of 
operation.  Therefore,  the  ASE  should  study  and 
learn  these  principles  well,  in  order  that  he  may 
have  a  better  understanding  of  any  carbon-pile 
regulator  which  he  has  to  service  and  maintain. 


Adjustment 

The  following  adjustment  procedure  is  typical 
for  most  carbon-pile  regulators.  However,  each 
model  has  its  own  peculiarities  and  the  proper 
prpcedure  for  each  model  will  differ  slightly. 
The  following  procedure  is  to  be  used  only  as  an 
example  and  does  not  represent  test  procedures 
for  every  regulator  in  service. 

EQUIPMENT  REQUIRED.  , It  is  preferable 
to  use  the  same  type  of  generator  for  adjusting 
the  regulator  that  will  be  used  with  the  regulator 
in  service.  However,  satisfactory  regulator  ad- 
justment can  be  obtained  by  using  any  d-c^ 
generator  having  the  same  or  a  higher  capacity 
than  the  one  to  be  used  with  the  regulator  in 
service;  that  is,  a  regulator  adjusted  on  a 
400-ampere  generator  will  usually  work  well  on 
a  200-ampere  generator,  but  the  reverse  is  not 
true. 

The  test  assembly  shown  m  figure  KV7  i\nC 
test  stand  shown  m  figure  13-8  are  recommend- 
ed for  testing  and  adjusting  this  typj  of  voltage 
regulator.  Other  comparable  equipment  may  be 
used  but  may  necessitate  a  modification  of 
testing  procedures  This  test  equipment  will 
normally  be  found  in  the  Ground  Support 
hquipment  Shop  or  the  Aviation  Electric  Shop 
of  an  Intermediate  Maintenance  Activity  (IMA) 
or  an  activity  of  a  higher  level  of  maintenance.  It 


can  be  used  for  testing  and  adjusting  several  of 
the  components  mentioned  in  this  chapter. 

To  correctly  adjust  the  regulator  for  the  V  7 
volts  required,  the  voltmeter  being  used  must  be 
capable  ot  producing  a  readable  measurement 
with  an  accuracy  of  0.1  volt.  A  recently  cali- 
brated and  carefully  handled  PX-14  or  similar 
voltmeter  will  meet  these  requirements.  The 
voltmeter  on  the  test  assembly  cannot  be  read  as 
accurately  as  the  PX-14. 

A  pair  of  headphones  are  needed  to  check  the 
stability  of  the  regulator.  A  phone  jack  is 
provided  on  the  electrical  test  assembly  for 
connecting  the  headphones. 

I 

CHARACTERISTIC  CURVE,™ A  typical  pile 
screw  characteristic  curve  is  shown  in  figure 
13-9.  Point  A  is  the  first  peak  of  generator 
voltage  as  the  pile  screw  is  turned  inward 
(clockwise)  from  a  full-out  position.  Point  B  is 
the  proper  adjustment  point,  a  point  near  A 
where  the  fulMoad  voltage  and  the  no-load 
voltage  of  the  generator  are  the  same, 

CAUTION:  Point  D  can  be  obtained  on  a 
regulator  of  this  type  that  has  a  full-load  and 
no-load  voltage  of  the  same  value  at  27.7  volts. 
If  a  regulator  pile  screw  is  adjusted  for  point  D 
and  the  regulator  is  installed  in  an  MEPP, 
excessive  generator  voltage  may  be  experienced 
with  a  temperature  change  in  the  regulator. 
Point  D  is  the  improper  adjustment  point-avoid 
adjusting  here.  Point  C  is  shown  because  it  is 
desirable  to  check  on  the  condition  of  the 
regulator  at  this  point.  Do  not  shock-load  the 
regulator  with  the  pile  screw  near  point  C  on  the 
curve. 

PROCEDURES  FOR  TESTING  AND  AD- 
JUSTING, Procedures  for  testing  and  adjusting 
mu.st  he  accomplished  in  the  following  se- 
quence: 

1.  Connect  the  equipment  as  shown  in  figure 
13-10.  ivlake  certain  that  the  proper  size  wire  is 
used  and  that  all  connections  are  clean  and  tight, 

2.  Connect  the  POS  lead  of  the  PX-14 
voltmeter  to  terminal  B  of  the  voltage  regulator 
base,  and  the  NEC  lead  to  terminal  G.  This 
connects  the  voltmeter  across  the  generator 
output. 
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1. 
2. 
3. 
4. 

5. 
6. 


Blower  fan  housing. 
Start-stop  pushbuttons. 
Tachometer  indicator. 
Speed  sensitive  master 
control  station. 
Flexible  airhose. 
Pi  tot  tube. 


7. 
8. 

9. 

10. 
11. 


Test  generator. 

Generator  mounting  bracket, 

60'cycle  input. 

Generator  mounting  bracket, 

60-cycle  input. 

Blast  gate. 

Varidrive  motor. 


Figure  13-8.-Generator  test  stand,  type  MA-1. 
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CAUTION:  Terminals  A  and  B  of  the  voltage 
regulator  base  are  near  each  other.  A  short  from 
A  to  B  will  cause  excessively  high  generator 
voltage.  Be  sure  not  to  short  these  two  terminals 
with  the  POS  lead  of  the  voltmeter. 

3.  Inspect  the  regulator  for  wiring  discrep- 
ancies, such  as  wires  too  long  or  too  short, 
wires  not  routed  properly,  wires  chafed  or 
overheated,  cold-solder  joints,  and  other  items 


that  miglit  cause  failure. 

4.  Make  sure  that  the  four  screws  holding 
the  nfjiagnet  case  to  the  frame  are  tight. 

5.  Measure  the  coils,  resistors,  and  rheostat 
for  proper  resistance  values.  If  the  regulator 
parts  are  not  within  the  range  of  resistances 
given  in  the  Overhaul  Instructions  Manual,  repair 
the  regulator  or  return  it  for  overhaul, 

6.  Set  the  voltage  regulator  rheostat  to  its 
mechanical  midposition. 
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ADJUSTMENT  POINT- SET  TO  277  VOLTS 
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Figure  13-9.-Typical  pile  screw  characteristic  curve. 
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Figure  13-10.-T6ft  wiring  diagram. 
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7.  Mount  the  regulator  on  the  base  provided 
on  the  test  assembly, 

8.  Set  all  switche<^  and  links  on  the  test 
assembly  to  their  proper  positions.  See  the 
Operation  and  Service  Instruction  Manual,  Nav- 
Aer  I7-I5BA-5I7,  to  determine  the  proper 
settings  of  the  switches  and  links. 

9..  Turn  the  pile  screw  out  (counterclock- 
wise) until  pressure  is  relieved  and  the  screw 
turns  freely. 

10.  Start  the  cooling  fans  for  the  load  hank. 

1 1 .  Start  the  generator  and  bring  it  up  to 
4,500  rpm.  The  generator  voltage  shown  on  the 
PX-14  voltmeter  should  be  less  than  10  volts.  If 

■  not,  the  carbon  pile  is  too  long  and  one  washer 
should  be  removed.  Recheck  for  a  generator 
yoltage  of  less  than  1 0  volts. 

12.  Increase  the  generator  speed  to  8,000 
rpm. 

13.  Turn  the  pile  screw  in  (clockwise)  slowly. 
The  generator  voltage  will  rise  to  a  maximum  at 
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point  A  on  the  charactonstic  curve  (fig.  13-^)). 
The  voltage  at  point  A  should  be  between  28 
and  30  volts. 

'14,  Continue  to  t\irn  the  pile  screw  slowly  in 
a  clockwise  direction  \intil  the  generator  voltage 
falls  about  I  volt  below  point  A.  This  i.s  the 
approximate  position  of  point  B. 

15.  Fully  load  and  unload  the  generator  to 
determine  point  B,  the  point  where  the  fulMoad 
and  no-load  voltages  are  the  same.  If  the 
full-load  voltage  is  lower  than  the  no-load 
voltage,  turn  the  pile  screw  in;,  if  it  is  higlier, 
turn  the  pile  screw  out. 

16.  When  point  B  is  established,  loosen  the 
magnet  locking  screw  and  turn  the  core  screw  in 
(clockwise)  slightly  if  the  generator  voltage  is 
higher  than  27.7  volts.  If  the  generator  voltage  is 
below  27.7  volts,  turn  the  magnet  body  (core 
screwX  out  (counterclockwise)  slightly.  Tighten 
the  mignet  locking  screws  uniformly,  making 
certain  to  establish  point  B  at  27.7  volts  with 
the  magnet  locking  screws  tight.  (NOTE*  In  thi.s 
procedure.  27.7  volts  is  specified  as  the  voltage 
to  which  the  regulator  should  be  adjusted.  The 
varying  effects  of  climatic  and  operating  condi- 
tions will  sometimes  dictate  a  change  in  this 
setting.) 

17.  Set  the  test  assembly  d-C  voltmeter  cir- 
cuit selector  switch  to  the  PILE  V  p^ition, 

IX.  Reduce  the  generator  speed,  with  no  load 
'on  the  generator,  to  approximately  3,500  rpm: 
then  adjust  the  speed  until  the  pile  voltage  is  13 
volts.  Allow  the  generator  to  operate  at  this 
speed  for  15  minutes  to  bring  the  regulator  up 
to, operating  temperature 

1^^.  Turn  the  te>t  assembly  d-c  voltmeter 
circuit  selector  sv/itch  to  the  INVERTER  IN- 
PLT  or  GEN  V  po.sition. 

20.  Increase  the  generator  .speed  to  8,000 
rpm. 

21.  To  detect  instability,  listen  carefully  on 
the  headphones  while  shock-loading  (applying 
and  removing  full  load  to^the  generator)  the 
regulator.  A  staMe  regulator  produces  a  hum- 
ming noise  or  steady  roar,  A  r^pid  series  of 
popping  noises  indicates  instability.  If  the  regu- 
lator is\unstable,  replace  the  carbon-pile  stack 
and  readjust  the  regulator. 


22.  With  the  generator  at  8.000  rpm.  turn  the 
pile  screw  m  (clockwise)  until  voltage  reaches  its 
minimum,  point  C. 

,  23,  Note  the  voltage  at  point  C  and  calculate 
the  voltage  difference  between  points  B  ,ind  C 
/  This  voltage  difference  is  normally  3  to  (>  volts 
If  it  IS  less  than  0.7  volt,^  return  the  reuulator  to 
be  overhauled. 

24.  Return  the  pile  screw  setting  to  point  B. 
CAUTION:  The  pile  may  chatter  near  point  C. 
therefore,  pass  through  this  region  as  quickly  as 
possible  to  prevent  damage  to  the  carhon-pile 
disks.  Do  not  shock-load  the  regulator  near 
point  C  as  this  may  induce  chattering, 

25.  Establish  the  exact  position  of  the  pile 
screw  for  point  B  by  checking  the  fulMoad  and 
no-load  regulated  voltage  at  8,000-rpin  generator 
speed.  Readjust  the  magnet  body,  if  necessary, 
to  the  27.7-volt  value  for  point  B.  .Make  sure  tlie-^ 
magnet  locking  screws  are  tight. 

26.  Record  the  no-load  and  full-load  voltages 
at  4,500,  6,000.  and  8,000  rpm.  I  hc  reguUited 
voltage  should  remain  between  27.2  and  28  volts 
for  these  speeds,  ff  the  voltage  does  not  remain 
between  these  limits,  turn  the  pile  screw  m 
slightly  and  recheck. 

27.  Increase  the  generator  speed  from  4,500 
to  8,000  rpm  without  shock-loading,^  then  note 
the  generator  voltage. 

28.  Shock-load  the  regulator  several  times 
and  note  the  no-load  voltage.  Th.  difference 
between  the.se  two  readings  should  not  he 
greater  than  0.3  volt.  If  it  is  greater,  replace  the 
carbon  disks  and  check  the  insulation  tube  for 
cleanliness  and  cracks. 

29.  With  the  generator  at  6,000  rpm,  note 
the  regulated  voltage.  Press  the  EQUALIZER 
TEST  button  'on  the  test  assemhiv.  The  reizu- 
lated  voltage  should  drop  a  few  volts.  If  the 
voltage  does  not  change,  check  for  an  open 
equalizer  circmt.  H  ihc  voltage  rises,  check  for 
reversed  equalizer  connections. 

30.  With  the  generator  running  at  no  load 
and  6,000  rpm,  move  the  rheo.stat  through  its 
travel  to  determine  if  it  will  adjust  the  regulated 
voltage  from  26  to  30  volts,  if  not,  check  the^ 
resistance  of  the  rheostat  for  proper  value. 

31.  After  this  ch^ck,  set  the  rheostat  for  a 
generator  voltage  of  27.7  volts  no  load  at  ().()00 
rpm. 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


FROM 

VOLTAGE  Lrik)/ 

reIjulator 

SENSING 
CURCUIT 


Q^gf^— -J  CONTROL  WINDINGS 
OF  MAGNETIC  AMPLS 


1 20/208 V 

3  PHASE  400  Hi 
J-'ROM 

GENERATOR 


Figure  13-1  l.-D-c  transistorized  voltage  regulator. 
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TRANSISTORIZED  VOLTAGE 
REGULATOR 

This  d-c  voltage  regulator  is  referred  to;  as  a 
transistorized  regulator  because  transistors  are 
combined  with  magnetic  amplifiers  to  provide 
regulation,  One  of  the  many  outstanding!  fea- 
tures of  this  regulator  as  well  as^some  of  th^a-c 
voltage  regulators  discussed  later  in  this  chapter 


is  that  tney  have  no  moving  parts.  The  particular 
d-c  voltage  regulator  (fig.  13-11)  under  discus- 
sion  is  used  on  the  NC-12,  but  similar  regulators 
are  used  on  other  modern  MEPP's.  If  the  ASE 
does  not  understand  the  theory  of  transistorsX 
and  magnetic  amplifiers  it  behooves  him  to  refer  ^ 
to  the  appropriate  chapters  of  Basic  Electfonics, 
NavPers  10087  (Series),  and  Basic  Eledtricity, 
NavPm  1 0086  (Series). 
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As  mentinned  carher.  the  NC-i:  has  only  one 
large  a-c  generator  tor  supplying  large  uniounts 
of  a<  and  d<  power  to  external  electrical  loads. 
A  three-phase  full-wave  rectifier  and  filter  is 
used  to  change  a  portion  of  the  a  c\  to  d.c.  'I'he 
d.c,  must  be  regulated,  so  a  d<  transistorized 
voltage  regulator  is  used.  This  type  d-c  voltage 
regulator  provides  the  d-c^  control  signal  fqr  the 
control  windings  ot  the  magnetic  amplifier.  The 
regulator  controls  the  output  voltage  and  main- 
tains it  at  a  constant  level,  even  if  the  input 
voltage  to  the  magnetic  amplifier  varies,  or  a 
change  ih  load  current  occurs.  The  d-c  voltage 
regulator  operates  as  a  switching  device  with  a 
varying  duty  cycle  in  a  manner  identical  to  the 
a-c  transistorized  voltage  regulat/or  discussed 
later  in  this  chapter. 

D-c  Voltage  Regubtor 
Input  Sensing  Circuit 

The  d-c  voltage  regulator  input  circuit  (fig. 
13-12)  senses  changes  of  output  voltage  from 
both  the  a-c  generator  and  th^.aj^i^ne tic  ampli- 
fier, Transtornier  ,T  1 02  provides  a  constant  a-c 
voltage.  A  voltage  divider  network  composed  of 
resistorr.  Rli:,  R||3.  and  RII4  provides  the 
sensing  voltage  from  the  output  of  the  magnetic 


amplifier.  The  output  of  transformer  TI02  is 
applied  to  a  bridge  rectifier  composed  of  crystal 
diodes  CRi:5  through  CRI28.  Current  trans- 
former ZI04  is  connected  in  series  with  tin)  out- 
put of  transformer  TI02  Transformer  ZI04 
produces  an  output  proportional  to  the  amount 
of  current  flow  in  the  d-c  output  lines/wliich  is 
out  of  phase  with  the  output  of  transformer 
T102.  With  an  increase  of  d-c  output  current, 
the  voltage  input  to  the  bridge  rectifier  in- 
creases The  rectified  voltage  from  the  bridge 
rectifier  is  filtered  m  inductor  LI 04  and  capaci- 
tor ClOO.  Depending  upon  the  position  of 
HELICOPTER-JET  AIRCRAFT  switch  SIOI. 
the  rectifier  voltage  vvill  appear  across  a  voltage 
divider  network  composed  of  variable  resistor 
R  I  1 6  and  either  resistors  R I  I  7  and  R  I  1 8  or  re- 
sist.usR119andRI20, 

Under  constant  output  voltage  conditions,  the 
voltage  that  appears  at  the  input  to  the  voltage 
regulator  keeps  the  voltage  regulator  biased  to 
the  center  of  its  operating  curve.  Changes  m 
either  the  d-c  output  lines  or  the  a-c  generator 
are  coupled  through  crystal  diode  CRI29  and 
appear  at  the  input  of  the  voltage  regulator 
through  resistor  Rill  and  variable  resistor 
Rl  10.  The  voltage  regulator  will  then  correct  for 
the  change  in  voltage  and  keep  the  d-c  output 
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Figure  13-12,-D-c  voltage  regulator  input  sensing  circuit. 
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voltage  constant.  An  increase  of  current  tlow  in 
the  d-c  output  lines  will  create  a  voltage  drop 
across  the  output  cables.  This  voltage  drop  is 
compensated  for  by  the  voltage  regulator  sensing 
circuit.  Since  the  output  voltage  from  transform- 
er Z 1 04  is  out  of  phase  with  the  output  voltage 
from  transformer  TI02,  an  increase  of  current 
flow  in  the  output  cables  decreases  the  voltage 
drop  across  variable  resistor  Rl  16.  The  effect  is 
•the  same  as  if  the  d-c  output  voltage  had 
dropped.  The  voltage  regulator  corrects  for  a 
decrease  in  output  voltage  and  increases  the 
output  voltage  from  the  magnetic  amplifier.  The 
stabilizing  windings  of  the  magnetic  amplifiers 
ZIOK  Z 102,  and  ZI03  are  energized  whenever  a 
change  in  voltage  occurs  at  the  other  windings  in 
the   magnetic  amplifiers.  The  action  of  the 
magnetic  amplifiers  is  the  same  as  any  trans- 
former. With  an  a-c  signal  applied  to  one  of  its 
windings,  a  transfer  of  power  occurs.  In  this 
case,  the  a-c  signal  is  developed  whenever  a 
change  of  output  voltage  occurs.  The  stabilizing 
wmdings  receive  the  transfer  of  power  and 
present  this  output  to  the  voltage  regulator.  The 
.voltage  regulator,  in   turn,  corrects  for  the 
change  of  voltage  in  the  winding  of  the  magnetic 
amplifiers  and  damps  out  any  oscillations  that 
may  occur. 


D-C  CIRCUIT  PROTECTION 

With  the  incorporation  of  high  capacity  pow- 
er generating  systems  in  MEPP\  accompanying 
problems  of  protecting  the  MEPP  and  the 
aircraft  electrical  system  from  a  number  of 
possible  fault  conditions  occurred.  Such  condi- 
tions include  shorts  in  power  cables  and  im- 
proper system  voltage.  A  discussion  of  some  of 
the  d-c  protection  devices  follows. 

OVERVOLTAGE  RELAY 

The  d-c  electrical  power  generating  systems  of 
modern  MEPP's  are  equipped  with  protective 
devices  (overvoltage  relays)  for  prevention  of 
damage  which  might  resiili  from  excessive  volt- 
age. If  the  generator  produces  an  overvoltage  (a 
condition  which  sometimes  occurs  momentarily 
due  to  power  surges),  the  overvoltage  relay  will 


automatically  open  the  field  circuit  of  the 
generator.  The  upper  limit  of  voltage  is  usually 
set  at  .31  to  33  volts.  The  overvoltage  unit 
consists  of  two  relay  coils-the  TRIP  coil  and 
the  RESET  coil.  When  the  overvoltage  condition 
occurs,  the  trip  coil  is  energized  and  the  field 
circuit  of  the  geneiator  is  thus  opened.  The  relay 
may  be  reset  by  placing  the  generator  control 
switch  in  the  RESET  position.  This  energizes  the 
reset  coil  of  the  overvoltage  relay,  closing  the 
generator  field  circuit  again;  but  the  generator 
wiil  jnot  operate  until  its  control  switch  is 
returned  to  the  ON  position.  If  the  circuit  trips  a 
second  time,  further  operation  of  the  generator 
should  not  be  attempted  until  the  trouble  has 
been  investigated. 


UNDERVOLTAGE  RELAY 

Some  d-c  power  generating  systems  utilize  an 
undervoltage  relay  for  protection  of  the  d-c 
electrical  system.  The  undervoltage  relay  is  used 
in  a  number  of  different  ways  to  perform  this 
task  and  is  usually  used  with  one  or  more  relays 
or  other  components  to  perform  a  particular 
task  when  an  undervoltage  conditjoi?  exists.  It  is 
the  voltage  sensing  device  (set  fo  close  and  open 
at  certain  voltages)  and  is  the  control  for  the 
other  components. 

The  undervoltage  relay  can  be  used  in  the 
control  circuit  of  the  main  relay  that  connects 
the  generator  to  the  load  (aircraft,  etc.).  When 
the  MEPP  IS  operated  the  generator  does  not 
come  on  the  line  if  there  is  an  undervoltage 
condition,  because  the  undervoltage  relay  senses 
the  low  voltage  and  does  not  close.  With  the 
undervoltage  relay  open  there  is  no  power  to  the 
control  circuit  of  the  main  relay  and  it  remains 
open.  But  if  the  generator  voltage  is  of  the 
proper  value  the  undervoltage  relay  closes,  send- 
ing power  to/ the  control  circuit  of  the  main 
Telay,  which  closes  and  places  the  generator  on 
the  line.  During  operation  if  the  output  voltage 
decreases  below  that  for  which  the  undervoltage 
relay  is  set,  the  undervoltage  relay  will  open. 
This  removes  power  from  the  main  relay  which 
opens  and  removes  the  generator  from  the  line. 

If  the  power  requirement  for  the  particular 
load  is  critical,  the  undervoltage  relay  may  be 
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designed  -so  that  a  set  of  contacts  could  close 
when  the  relay  is  deenergized.  This  would  send 
power  to  the  main  relay  of  an  alternate  or 
standby  power  supply,  placing  it  on  the  line. 

REVERSE-CURRENT  RELAY 

The  reverse-current  relay  is  an  automatic 
switch  installed  in  the  power  supply  system 
between  the  generator  and  the  battery. 

When  the  generator  voltage  is  above  battery 
voltage,  the  relay  doses,  connecting  the  battery 
to  the  generator.  When  the  generator  is  stopped 
or  Its  voltage  output  is  below  battery  voltage 
the  reverse  current  from  the  battery  causes  the 
relay  to  open,  thus  preventing  battery  discharge. 

The  reverse-current  relay  shown  in  figure 
13-13,  although  it  has  limited  use  in  mobile 
power  equipment,  will  be  used  to  illustrate  the 
basic  principles  of  reverse-current  relay  opera- 
tion. This  fixed  voltage  type  relay  is  still  widely 
used  in  battery  charging  work  as  well  as  in 
automotive  and  small  MEPP  applications. 

The  reVerse-current  relay  employs  a  potential 
coil  and  a  series  coil  wound  on  the  same  core  to 
actuate  the  relay  contacts.  When  the  generator 
armature  begins  to  rotate,  current  flows  through 
both  the  potential  and  the  series  coils.  As  the 
generator  voltage  increases,  the  current  through 
these  coils  increases.  -The  fluxes  produced  by 
the.se  coils  are  additive.  When  the  generator 
voltage  reaches  about  26.5,  the  current  through 
the  coils  produces  adequate  flux  to  close  the 
relay  contacts.  This  permits  current  to  flow  to 
the  battery  and  to  other  lo^ds.  All  of  this 
current  must  pass  through  the  series  coil.  This 
load  current  produces  additional  magnetism 
which  aids  in  holding  the  relay  contacts  firmly 
closed.  The  contacts  remain  closed  as  long  as  the 
generator  is  supplying  current  to  the  load. 

When  the  engine  speed  is  decreased,  the 
generator  volt^.ge  is  decreased.  When  the  genera- 
tor voltage  becomes  lower  than  the  battery 
■voltage,  currttu  flows  from  the  battery  to  the 
generator  (reverse  current).  The  direction  of 
current  flow  through  the  potential  coil  remains 
the  same.,  The  magnetism  produced  by  the 
reverse  current  through  the  series  coil  opposes 
that  of  the  potential  coil,  and  the  contacts  open, 
disconnecting  the  generator  from  the  load.  The 
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Figure  13-13.-lnternal  connections  of  a 
reverse-current  relay. 
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relay  closing  voltage  is  adjusted  by  changing  the 
armature  spring  tension. 

Differential  Reverse-Current  Relay 

The  differential  voltage  type  reverse-current 
relay  measures  the  difference  between  genera- 
tor voltage  and  the  system  voltage,  and  prevents 
operation  until  a  predetermined  voltage  differ- 
ence exists.  Hence,  the  system  voltage  may  vary 
over  a  wide  range  without  objectionable  chatter 
when  the  differential  voltage  type  reverse-cur- 
rent relay  is  used.  / 

The  following  pijfragraphs  discuss  the  details 
of  construction  aikf  the  principles  of  operation 
of  the  AN3025-30p  (type  A-700A)  differential 
voltage  generator  control  relay. 

The  differential'  type  reverse-current  relay,  as 
illustrated  in  figure  13-14,  prevents  reverse 
current  in  excess  of  25  amperes  from  flowing 
from  the  battery  of  an  aircraft  or  MEPP  to  the 
generator  of  an  MEPP.  The  differential  voltage 
type  of  relay  prevents  this  reversal  of  current  by 
automatically  disconnecting  the  generator  from 
the  battery  or  electrical  system  when  the  genera- 
tor's voltage  drops  below  the  voltage  of  the 
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1. 
2. 
3. 
4. 

5.. 


Permanent  magnet  armature. 
Pole  faces. 
Relay  frame. 
Spring. 

Permanent  magnet 
armature. 


6.  Coils. 

7.  Series  coil. 

8.  Movable  contacts. 

9.  Magnetic  frame. 

10.  Movable  core. 

11.  Core  rod. 


battery  or  that  of  the  system.  The  reverse-cur- 
rent relay  will  automatically  reconnect  the 
generator  to  the  battery  or  electrical  system 
when  the  generator's  output  voltage  exceeds 
that  of  the  battery  or  electrical  system. 

The  relay  may  also  be  used  as  a  starting 
contactor,  as  well  as  a  reverse-current  relay,  for 
the  E-APU' which  is  started  by  applying  battery 
voltage  to  the  generator. 

The  voltage  relay  (fig.  13-14  (A))  consists  of^ 
a  permanent  magnet  armature  (I)  pivoted  be-  * 
tween  the  pole  faces  (2)  of  the  relay  frame  (3). 
Because  the  armature  is  a  permanent  magnet, 
the  relay  will  not  operate  unless  the  voltage 
applied  to  the  coil  is  of  the  correct  polarity. 

The  relay  coil  has  approximately  480  ohms 
resistance  and  is  designed  to  close  its  contacts 


Figure  13.14.-AN.3025-300  (type  A.70 OA)  differential 
voltage  generator  reverse-current  relay. 
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between  20  and  24  volts  if  the  generator  builds 
up  in  the  correct  direction.  If  the  generator  is 
faulty  and  builds  up  reverse  voltage,  the  relay 
will  not  close. 

A  spring  (4)  is  attached  to  the  armature  so 
that  the  voltage  relay  will  open  when  the  voltage 
drops  to  18  volts. 

The  differential  relay  (fig.  13-14  (B))  is 
similar  in  construction  to  the  voltage  relay  and 
also  uses  a  permanent  magnet  armature  (5).  The 
only  difference  between  these  relays  is  that  the 
differential  voltage  relay  has  two  coils.  These  are 
wound  in  opposite  directions  so  that  one  coil 
instead  of  a  spring  will  return  the  armature. 

One  of  these  coils  (6)  is  wound  with  fine  wire. 
It  has  a  resistance  of  approximately  5  ohms  and 
is  designed  to  close  the  relay  when  the  voltage 
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DIFFERENTIAL  RELAY 


difference  between  the  generator  and  bus  is 
greater  than  0.35  to  0.65  volt,  and  the  generator 
voltage  IS  greater  than  the  bus  voltage. 

The  series  coil  (7)  is  a  current  coil  arranged  to 
open  the  relay  when  the  current  is  between  16 
and  25  amperes  and  i-j  a  reverse  direction 
flowing  from  the  system  to  the  generator. 

The  contactor  is  a  solenoid  type  switch  and 
consists  of  a  coil,  magnetic  frame  (9)  and 
movable  core  (10).  When  voltage  in  excess  of  10 
volts  IS  applied  to  the  coil,  the  plunger  is 
attracted  by  the  magnetic  frame.  As  the  plunger 
moves  up  in  the  coil,  the  movable  contacts  (8) 
which  are  attached  to  the  core  rod  (11)  close' 
the  circuit  and  connect  the  generator  to  the 
system.  These  main  contacts  are  rated  at  300 
amperes.  The  contacts  will  remain  closed  until 
reverse  current  opens  the  differential  voltage 
relay,  which  opens  the  contactor  coil  circuit  and 
permits  the  main  contacts  to  open. 


Fiour.  13-14.-AN^025.300  (type  A-TOOA)  diff.r.nti.l  volt.9. 
generator  reverse-current  reley-Continued. 
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PRINCIPLES  OF  OPERATION.-The  heart 
of  this  device  is  the  polarized  differential  relay. 
This  IS  an  electromagnetic  switch  with  a  perma- 
nent-magnet armature.  The  opening  and  closing 
of  this  armature  is,  therefore,  dependent  upon 
the  direction  of  current  flow  in  the  coil. 

The  sequence  of  operation  is  explained  in 
figure  13-15.  When  the  generator  voltage  reaches 
approximately  22  volts,  the  polarized  voltage 
relay  (1)  will  close  if  the  generator  control 
switch  13  closed.  This  energizes  the  fine  wire  coil 
of  the  polarized  differential  relay  (2)  which  is 
connected  across  the  main  contacts.  At  this  time 
these  main  contacts  are  in  the  open  position. 
The  voltage  on  the  coil  of  relay  (2)  is  now  the 
difference  between  generator  voltage  and  that  of 
the  system,  or  battery  voltage.  When  this  voltage 
reaches  a  value  between  0.35  and  0.65  volt  and 
IS  of  the  correct  polarity  (generator  voltage  must 
be  higher  than  the  sy.stem  voltage),  the  differential 
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F  igure  13-15.-Schematic  wiring  diagram,  AN  302S-300  (type  A-700A) 
generator  reverse -current  relay. 
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relay  coil  magnetizes  the  associated  iron  core 
material  an(i  trips  the  (differential  relay  contact. 
This  contact  closes  the  circuit  between  the 
generator  output  and  the  coil  of  the  main 
contactor,  energizes  the  cont;ictor  coil,i  and 
closes  its  normally  open  contacts  joining  the 
generator  to  the  system.  The  closing  of  the  main 
contactor  shorts  out  the  differential  voltage  toil 
(2);  however,  its  contacts  will  remain  closed 
because  of  the  magnetic  attraction  of  the  pen]ia- 
nent-magnet  armature. 

During  operation,  if  the  generator  voltage 
drops  below  the  value  of  the  system  voltage, 
current  will  flow  through  the  generator  to  the 
system.  This  action  attempts  to  drive  the  genera- 
tor as  a  motor.  The  reverse  current  flows 
through  the  reverse-current  coil.  When  its  value 
reaches  from  16  to  25  amperes,  the  resulting 
magnetic  field  in  the  core  of  the  differential 
relay  forces  the  pivoted  permanent-magnet  ar- 
mature to  open  the  differential  relay  contacts. 
This  opens  the  circuit  containing  the  coil  of  the 
main  contactor,  and  thus  its  contacts  open 
which,  in  turn,  disconnects  the  generator  from 
the  system.  As  the  generator  voltage  decreases 


to  18  volts,  the  voltage  relay  (1)  will  open. 

By  referring  to  figure  13-15,  it  can  be  seen 
that  this  reverse-current  relay  also  serves  as  a 
generator  relay.  Opening  the  generator  control 
switch  will  deenergize  both  the  voltage  relay  (1) 
and  the  main  contactor  relay(3)  which  discon- 
nects the  generator  from  the  system.  Closing  the 
switch  will  likewise  connect  the  generator  to  the 
system.. 


Testing 

Reverse-current  relays  must  be  bench  tested 
when  there  are  indications  that  they  are  operat- 
ing improperly  in  the  MEPP's.  The  procedure  to 
be  usfed  when  testing  the  AN-3025-300  (type 
A-700A)  cutout,  using  a  test"  stand,  .s  given  as  a 
typical  example.  The  circuit  showr^  in  figure 
13-16  is  used  in  this  presentation.  Connect  the 
relay  into  the  circuit,  as  shown  in  the  figure, 
without  removing  the  cover.. 

The  procedures  for  operating  and  testing  a 
reverse-current  relay  are  given  under  the  appro- 
priate headings. 
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DIFFERENTIAL  VOLTAGE  AND  REVERSE- 
CURRENT  OPERATION. 

1.  Set  all  switches  in  the  OFF  position. 

2.  Operate  the  generator  on  the  test  stand  at 
about  4,000  rpm. 

3..  With  SWl  in  position  1,  adjust  the  genera- 
tor voltage  by  means  of  Rl;  the  field  rheostat, 
so  that  the  generator  voltage  is  about  1  volt  less 
than  the  battery  voltage.  Generator  and  battery 
voltage  readings  are  obtained  on  V3  by  placing 
SW5  in  the  1  or  2  position. 

1      S  position  1  and  SW4  closed, 

place  SW3  in  position  2  and  slowly  increase  the 
generator  voltage  by  means  of  Rl..  When  the 
relay  operates,  the  voltage  indicated  on  V2  will 
go  to  zero..  The  differential  voltage  is  the  reading 
just  before  V2  goes  to  zero,  and  should  be 
between  0.35  and  0.65  volt. 

5.  SW3  must  be  set  in  the  open  position 
before  performing  the  next  test. 

6.  To  measure  the  reverse  current,  slowly 
decrease  the  generator  speed  until  the  relay 


opens.  This  current  is  read  at  Al  and  should  be 
between  16  and  25  amperes.  This  will  be  the 
reading  just  before  the  reading  on  Al  returns  to 
zero. 

7.  Leave  the  differential  relay  contacts  in  the 
open  position. 

TESTING  VOLTAGE  RELAY.- 

1.  Set  all  switches  in  the  OFF  position. 
Operate  the  generator  at  about  4,000  rpm., 

2.  The  differential  relay  contacts  must  be  in 
the  open  position. 

3..  Set  SW2  in  position  1,  SW5  in  position  1, 
and  SWl  in  position  1,  and  slowly  raise  and 
lower  the  voltage  by  means  of  Rl..  The  closing 
voltage  should  be  between  20  and  24  volts  and  is 
read  on  V3  when  the  relay  operates.  The 
opening  voltage  should  be  above  18  volts. 

4.,  The  contactor  will  not  close  with  this 
switching  arrangement,  so  it  will  be  necessary  to 
connect  an  ohmmeter  from  GEN  terminal  to  T 
test  terminal  to  indicate  when  the  contacts  have 
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Figure  13-16.-Test  circuit  (using  test  assembly). 
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Figure  13-1 7.- Location  of  test  terminal  T. 


closed.  Remove  the  nameplate  and  make  a 
connection  to  terminal  T  (fig,  13-17)  by  means 
of  a  No.  6-32  screw,  one-half  inch  or  longer, 
screwed  into  the  tapped  hole  at  T. 

5.  After  testing,  remove  this  screw  and  re- 
place the  nameplate. 

TESTING  CONTACTOR. 

1 .  Set  all  switches  in  the  OFF  position., 

2.  Make  the  test  before  the  coil  has  become 
heated, 

3.  Make  the  test  with  the  four  mounting 
holes  flat  on  the  table.  The  position  of  the  relay 
will  have  some  effect  on  this  operating  voltage 
even  though  the  relay  may  be  mounted  on  the 
MEPP  in  any  position. 

4.  Operate  the  generator  at  about  4,000  rpm. 

5.  With  SW4  and  SW3  open  and  SW!  in 
position  1  and  SW2  in  position  2,  vary  the 
voltage  by  means  of  Rl  until  the  contactor 
closes  and  opens.  It  should  close  between  14  and 
15  volts,  und  open  below  5  volts. 


MEASURING  MILLIVOLT  DROP.- 

I .  Set  all  switches  in  the  OFF  position. 

2.,  Operate  the  generator  at  about  5,500  rpm. 
Set  SWl  in  position  2,  SW2  in  position  1,  SW3 
in  the  open  position,  and  SW4  closed, 

3.  Adjust  the  regulator  to  27.7  volts. 

4.  Close  the  load  bank  switches  until  300 
amperes  are  indicated  on  Al. 

5.  Place  SW3  in  position  I  and  read  the 
millivolt  drop  on  VI..  This  should  be  less  than 
100  mv.^ 

NOTE:  Place  SW3  in  the  open  position  before 
permitting  the  relay  to  op^n. 

The  differential  relay  contacts  should  be  left 
in  the  open  position  after  completing  tests.^ 
Otherwise,  serious  damage  to  the  relay  vvill 
result  if  it  should  be  installed  in  an  MEPP  having 
a  generator  of  reversed  polarity.  To  open  these 
contacts,  operate  the  relay  in  the  normal  man- 
ner. 

As  a  result  of  these  tests,  you  should  be  able 
to  determine  if  the  relay  is  only  out  of  adjust- 
ment or  if  it  needs  repairs. 

Adjusting 

In  order  to  adjust  the  reverse-current  relay,  it 
must  be  connected  to  a  test  panel  as  for  testing. 
The  steps  for  adjusting  are  as  follows: 

DIFFERENTIAL  VOLTAGE  RELAY  (fig. 
I  3-18  (A)  and(B)).~ 

1.  To  set  the  closing  differential  voltage, 
loosen  locknut  (1)  and  adjust  screw  (2)  (clock- 
wise to  lower  the  voltage  or  counterclockwise  to 
raise  the  voltage)  until  the  relay  closes  between 
0.45  and  0.55  volt.  Lock  adjust  screw  (2)  with 
locknut  (1). 

2.  To  set  the  opening  differential  voltage, 
loosen  locknut  (3)  and  adjust  screw  (4)  (clock- 
wise to  lower  the  voltage  or  counterclockwise  to 
raise  the  voltage)  until  the  relay  opens  between 
0.33  and  0.36  volt.  (Contact  screw  (5)  is  set  and 
locked  so  that  when  the  relay  is  closed  the 
contacts  would  engage  for  at  least  one-half  turn 
if  screw  (5)  were  backed  out.)  Lock  adjust  screv/ 
(4)  with  locknut  (3). 
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17.  Notch. 

18.  Locknut. 


Figure  13-18.-.Reverse^urrent  relay  adjustment  points. 
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VOLTAGb  RHLAY, 

1.  Adjust  screw  (6)  until  the  relay  armature 
gjps  arc  equal.  Lock  with  nut  (7). 

2.  Adjust  spring  (8)  by  means  of  spring  screw 
('))  and  nuts  (10)  until  the  relay  closes  at  23.5 
volts.  Locknuts  (10).  Increasing  tension  of 
sprmg  (8)  will  raise  both  the  closing  and  opening 
voltage;  decreasing  tension  will  lower  both  volt- 
ages. 

3.  To  change  the  opening  voltage  only,  adjust 
screw  (II)  until  the  relay  opens  at  18.5  volts. 
(Silver-tipped  contact  screw  (13)  is  set  and 
locked  so  that  when  the  relay  is  closed  the 
contacts  will  remain  closed  for  at  least  one-half 
turn  if  screw  ( 1 3)  were  backed  out.)  Lock  screw 
(II)  with  nut  (I  2). 

MAIN  CONTACTOR. 


1 .  The  gap  ( 14)  between  the  core  rim  and  the 
frame  should  be  adjusted  to  0.093  inch.  This  gap 
represents  the  total  movable  core  travel.^  To 
adjust  this  gap,  loosen  locknut  (15)  and  screw 
movable  core  (lO)  in  or  out.  The  core  can  be 
held  while  locking  and  tightenmg  nut  (15)  by 
inserting  a  3/32-inch  rod  or  drill  through  notch 
(17)  in  the  shoulder  of  the  core  into  a  matching 
hole  in  the  frame. 

2.  The  contact  overtravel  (amount  the  core 
moves  after  contacts  touch)  should  be  adjusted 
to  approximately  0.020  inch.  This  adjustment  is 
made  by  loosening  locknut  (18).  making  the 
adjustment,  and  then  tightening  the  locknut.  If 
the  overtravel  is  too  great,  the  contacts  will  not 
be  ''pulled  in''  by  15  volts,  and  a  correct 
adjustment  should  be  made. 

Troubles  and  Remedies 


It  is  general  practice  to  replace  rather  than  to 
repair  differential  relay  units  in  the  field.  Proce- 
dure, however,  is  guided  by  the  type  of  repair 
required  and  the  availability  of  replaceable  units, 
as  well  as  repair  facilities.  Table  13-2  will  prove 
helpful  in  servicing  and  maintaining  reverse-cur- 
rent relays. 


A  C  GENERATORS 

Many  generators  range  in  size  from  the 
relatively  tiny  tachometer  instrument  generator 
used  on  the  automotive  vehicle  tachometer 
system  to  the  125,000  volt-ampere  machines 
used  on  the  NC-12  and  NC-I2A  mobile  electric 
powerplants.  Regardless  of  weight,  shape,  or 
rating,  practically  all  of  these  generators  have 
certain  characteristics  in  common. 

1.  The  a-c  output  is  taken  from  a  set  of 
stationary  windings  (stator).  : 

2.  The  a-c  generator  field  (rotor)  is  a  rotating 
magnetic  field  with  fixed  polarity. 

3.  Voltage  control,  when  used,  is  accom- 
plished by  controlling  the  strength  of  the  rota- 
ting magnetic  field. 

4.  The  frequency  of  the  output  voltage  is 
controlled  by  controlling  the  speed  or  rotation 
p{  the  rotating  magnetic  field. 

Some  types  of  a-c  generators  now  in  use 
completely  eliminate  brushes.  The  single-phase 
a-c  generator,  used  extensively  in  the  past  and 
not  as  advantageously  as  the  3-phase  a-c  genera- 
tor, has  advantages  over  the  d-c  generator. 

The  ASE  should  be  familiar  with  the  princi- 
ples of  operation  of  a-c  generators  so  that 
complex  systems  may  be  more  easily  under- 
stood. The  basic  principles  and  methods  of 
calculating  for  such  factors  as  speed  and  induced 
voltage  power  are  discussed  in  Basic  Electricity; 
however,  a  brief  review  of  a-c  generators  is  given 
in  the  following  paragraphs., 

A  simplified  pictorial  diagram  of  a  sin- 
gle-phase a-c  generator  is  illustrated  in  figure 
13-19.  In  comparison,  figure  13-20  shows  a 
typical  a-c  generatbr  as  it  actually  appears  when 
separated  into  its  major  assemblies. 


EXCITATION 

Effective  control  of  the  generated  voltage  can 
be  maintained  by  controlling  the  strength  of  the 
magnetic  field  through  which  the  conductors  are 
moving.  The  strength  of  the  magnetic  field  is 
regulated  by  a  voltage  regulator.  The  current 
which  generates  this  magnetic  field,  called  the 
exciting  current,  is  supplied  either  by  an  auxilia- 
ry d-c  generator  (called  the  exciter)  or  by  a 
rectifier.  This  exciter  (fig.   13-20)  is  usually 
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Table  13-2.-Reverse-current  relay  troubleshooting  chart 


Trouble 

Probable  cause 

Remedy 

Voltage  relay  will  not 
close. 

Improperly  connected  or 

faulty  generator. 
Relay  coil  open  or  leads 

broken. 
Relay  improperly  adjusted. 
Chips  on  the  permanent 

magnet. 

Check  connections  and  gen- 
erator voltage  and  polarity. 
Replace  coil.  ^ 

Readjust. 
Clean  out  chips. 

Voltage  relay  will  not 
open. 

Broken  or  damaged  return 
spring. 

Relay  improperly  adjusted. 
Chips  on  permanent  magnet. 

Replace  spring. 

Readjust. 
Clean  out  chips. 

Differential  relay  will 
iivFi  i/iuoc  uui  voiiage 
relay  closes. 

C^en  coil  or  broken  coil 
lead 

Voltage  relay  contacts  not 

touching. 
Chips  on  magnet. 
Improperly  adjusted. 

Replace  coil. 

Clean  and  readjust  voltage 

relay  contacts. 
Clean  out  chips. 
Readjust. 

Differential  relay  will 

not  nnpn 

Chips  on  magnet. 
Improperly  adjusted. 

Clean  out  chips. 
Rea<yust. 

Contactor  will  not  close 
but  voltage  relay  and 
differential  relay  are 

.  closed. 

Differential  relay  contacts 
do  not  touch. 

Coil  open  or  leads  broken. 

Excessive  friction  on  mov- 
ing Core. 

Core  rod  bent. 

Clean  and  readjust. 

Replace  coil. 

Replace  stationary  core 

assembly, 
nepxace  core  rocu 

Contactor  will  not  open 
but  differential  relay 
is  open 

External  short  circuit  be- 
tween SW  and  APP 
terminals. 

Core  rod  bent. 

Contactor  contacts  out  of 
adjustment. 

Correct  short  circuit. 

Replace  core  rod. 
Readjust  contacts. 

mounted  on  the  same  shaft  as  the  a-c  generator 
When  a  rectifier  is  u'ed,  it  changes  the  a-c 
output  ot  the  a-c  generator  into  d.c,  which  is 
»ed  back  to  the  field,  via  the  voltage  regulator 
The  present  military  specification  for  a-c 
generators  states  that  no  source  of  excitation  or 
preenergization  should  be  required  other  than 
that  supplied  by  the  generator  and/or  regulator 
lo  meet  this  requirement,  direct-connected  d-c 
generator  exciter  units  are  integrated  into  the  a-c 
generators. 

Any  rotary  generator  requires  a  prime  moving 
force  (1),  (fig.  13-19),  to  rotate  the  a-c  field  and 


exciter  armature.  This  rotary  force  is  transmit- 
ted to  the  generator  through  the  rotor  drive 
shaft  and  is  usually  furnished  by  a  combustion 
engme,  air  or  gas  turbine,  or  electric  motor  The 
exciter  shunt  field  (2)  creates  an  area  of  intense 
magnetic  flux  between  its  poles.  When  the 
exciter  armature  (3)  is  rotated  in  the  exciter 
tieid  nux,  voltage  is  induced  into  the  exciter 
armature  windings.  The  exciter  unit  is  nothing 
more  than  an  ordinary  d-c  generator.  The  exciter 
output  commutator  and  brushes  (4)  connect  the 
exciter  output  directly  to  the  a-c  generator  field 
mput  shprings  and  brushes  (5).  Since  these 
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(6) 

A-C  VOLTAGE 
REGULATOR 


0-C  CONTROL  CURRENT 
OUTPUT  TO  EXCITER 
SHUNT  FIELD  WINDINGS 


(2)  EXCITER 
SHUNT  CONTROL 
FIELD  WINDING 


(5)  A-C 
FIELD  INPUT 
SLIPRIN6S  AND  BRUSHES 


(3)  EXCITER 
ARMATURE 


Figure  13-19.-$impMfied  a-c  generator. 
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sliprings,  rather  than  a  commutator,  are  used  to 
supply  current  through  the  a-c  generator  field 
(6),  current  will  always  flow  in  only  ore 
direction  through  these  windings.  Thus,  a  fixed 
polarity  magnetic  field  is  maintained  at  all  times 
in  the  a-c  generator  field  windings.  When  the  a-c 
generator  field  is  rotated,  its  magnetic  fiux  is 
passed  through  and  across  the  a-c  generator 
armature  windings  (7).  Remember,  a  voltage  is 
induced  if  a  conductor  is  stationary  and  a 
magnetic  field  is  passed  across  it,  or  if  the  field  is 
stationary  and  a  conductor  is  moved  through  it. 


SINGLE-PHASE  A-C  GENERATOR 


The  single-phase  a-c  generator  is  finding  less 
application  in  a-c  powei  ^.ystems  that  demand 
large  amounts  of  a-c  power.  However,  the  ASE 
may  come  in  contact  with  this  type  generator  in 
some  of  the  equipments  which  he  maintains. 
Basic  Electricity  covers  the  detailed  theory  of 
operation  of  most  single-phase  a-c  generators. ' 
An  exception  (the  inductor  type)  is  discussed  in 
the  following  paragraphs. 
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1.  Cover  assembly. 

2.  Collector  ring  brush. 

3.  Exciter  brush. 

4.  Collector  rings. 

5.  Exciter  commutator. 

6.  Exciter  armature. 


7.  A-c  generator  rotating 
field. 

8.  Fan. 
Spindle. 

10.  A  c  armature. 

11.  Terminal  blocks. 


Figure  13.20.^Typicala.c  generator. 
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 ^  ,  


Inductor  Type 


Figure  13-21  .-Schematic  of  ait  inductor  type  single*pha$a  a-c  generator. 
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Figure  13-21  shows  the  schematic  of  an 
inductor  type  single-phase  a-c  generator.  In  a-c 
generators  of  this  type,  the  armature  coils  ai'e 
stationary  in  the  magnetic  field.  The  rotor  has 
no  coils,  only  projections.  The  rotation  of  these 
projections  past  the  armature  coils  causes  the 
magnetic  flux  (magnetic  lines  of  force)  enclosed 
by  the  armature  coi':.  to  pulsate  periodically. 
This  generates  in  tht  armature  coils  a  pulsating 
(a-c)  voltage  having  a  frequency  proportional  to 
the  speed.  As  in  the  case  of  a  d-c  generator,  the 
voltage  depends  on  the  saturation  characteristics 
of  the  flux  paths  (iron  and  airgap),  the  field 
current,  and  the  speed.' Unlike  a  d-c  generator. 


which  can  supply  its  own  shunt-field  current, 
the  field  current  for  an  a-c  generator  miist  be 
supplied  by  some  other  source,  either  an  exciter 
or  the  d-c  section  of  an  a-c/d-c  generator. 

As  in  the  case  of  a  d-c  generator,  the  voltage 
of  an  inductor  a-c  fenerator  increases  with  field 
current,  but  only  up  to  a  certain  point.:  In  an 
inductor  a-c  generator,  excessive  field  current 
saturates  the  iron,  reducing  the  magnitude  of  the 
flux  pulsations  and  the  voltage;  that  is,  if  the 
field  current  is  increased  beyond  a  certain  point, 
the  voltage  will  decrease  instead  of  increase.:  The 
inductor  a-c  generator  lias  inherently  high  reac- 
tance (inductive  reactance),  which  means  that  an 
unusually  large  increase  in  field  current  would 
be  required  to  maintain  its  voltage  it  a  load  were 
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applied  directly  to  its  terminals.  To  provide  for 
addmonal  f.eld  current  without  danger  of  over- 
satu  ation  would  nie.n  increased  s.ze  m  | 
vve,ght  .  Consequently,  the  positive  reacta^c 

part  rV'^''''''^'^"'"  '"^  '-'^^"-is 
partially  compensated  by  the  insertion  of  nega- 
ve  reactance  (capactive  reactance)  in  the  arma- 
ISor  to  15  microfarad 

The  a-c  generator  shown  in  figure  13-^1  h-.s 

Uvo  windings  in  the  stator  -tl.a-c-;Sdwi;dii^^^ 
and  the  a-c  output  winding.  The  a-c  field 
wm  ing  IS  connected  across'the  d-c  out  u 
Rotation  of  the  d-C  armature  thus  produces  a 
now  01  d.rect  current  through  the  a-c  field  coil 
which  produces  a  magnetic  field. in  the  magnetic 
crcuit  of  the  a-c  stator.  As  the  rotor  turns  the 
reluctance  of  the  magnetic  circuit  through  the 
coil  cores  and  rotor  teeth  varies,  causing  a 
variation  in  the  fiu.x.  This  change  in  the  maeni 
tude  of  the-nux  through  the  coil  core'  inT 
the  volfage  in  each  coil. 

For  example  as  the  rotor  tooth  X  approaches 

co"   A  '^•-■""^  thro^ugh  coi? 

core  A    ,11  .ncrease  while  that  through  coil  core 
B  w.l  decrease.  The  voltage  induced  in  coii  A 
tlicrtfore,  IS  opposite  to  that  induced  in  coil  b' 
To  make  -these  voltages  additive,  the"  coils  are 
connected  as  shown..  As  the  roto^  continues  to 


Sith  Y°win  ^"^y  f^^"^  '^^'l  A  and 

tooth  Y  will  approach  coil  B  (fig.  13-21  (B)) 

core. A  and  increase  through  coil  core  B  This 
fndM^p'r  '.".''r ^  °PP°^ite  to  those 

n  each  ;  .  ^^u  ^^"f"  '^^  ^oH.g^  .s  induced 
n..   >   u    u  ^"  influenced  simulta- 

neously by  the  rotor  teeth  as  described  for  coit 

The  a-c  voltage  is  maintained  constant  by  an 
a_  c  vol  age  regulator  which  automatically  adjusts 
the  alternator's  field  current  with  changes  in 
generator  speed  and  a-c  load. 

THREE-PHASE  A-C  GENERATOR 

Present  military  specifications  require  that  the 

a'rcrafThr"'"'  "'""'^'"^  ^^'^''-ing 
aircraft  have  an  output  of  120/208  volts  These 
voltages  are  obtained  by  designing  the  genera  o 
t.nrtt"''-^f -inding  and'conn  c^ 
hnwn      r  """'"f,  '°  '         system  as 

the  voIhA"^!  (^>-  ^hen  sc^ connected, 

the  voltage  between  the  neutral  Xre  and  any 
one  of  the  phase  wires  or  lines-Ahat  is  the 
hne- o-neutral  voltage-will  be  120  vo  t  tL 

X  r  7^r'''^J"  '  wye-connected  ^s^em 
equals  1 .73  times  the  line-to-neutral  voltage,  and 


(A) 


b  Ebc  -  208V 
Eca  -208  V 
Eab  -208V 


Enb-  120V 
Enc-  120V 
0  Eno-l20V 


b  Ebc-l20V 
Eca  -I20V 
Eob-l20V 


(B) 


Figure  13.22.-.WyeKlelta  voltage  relationships. 
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in  this  case  is  1.73  times  120,  or  208  volts. 
"(NOTE:   Refer  to  Basic  Electricity.  NavPers 
10080  ('cries)  tor  basic  int'orniation  on  3-phase 
circuits.) 

By  comparing  the  circuits  ((A)  and  (B)  of* fig. 
13-22),  it  can  l^e  determined  that  a  distinct 
advantage  of  the  wye  over  the  delta  system  is 
that  two  voltages  are  available  from  a  wye-con* 
nected  system;  however,  the  delta  system  is  used 
for  supplying  power  to  certain  aircraft  instru- 
ments. The  lower  voltage  of  the  wye  system  inay 
be  applied  by  connecting  a  load  between  a  line 
and  neutral,  the  hij^hi;r  voltage  by  connecting  a 
load  line  to  line  across  two  phase  coils. 

When  a  load  is  /connected  line  to  neutral,  the 
voltage  generated  by  a  single-phase  winding  in 
the  generator  will  appear  across  it.  Because  this 
is  the  lower  of  the  two  voltages,  the  current  will 
be  correspondingly  lower  and  will  flow  through 
the  load  and  only  that  phase  winding  acrosr. 
which  the  load  is  connected. 

When  a  load  is  connected  line  to  line,  two 
phase  windings  will  be  in  series  across  it.  The 
vector  sum  of  the  two  generated  voltages  will  be 
applied  and  will  equal  1.73  times  the  voltage  of 
a  single  phase,  as  stated  previously.  Because  the 
power  IS  proportional  to  the  product  of  current 
and  voltage,  the  higher  voltage  will  require  less 
current  for  the  delivery  of  4in  equal  amount  of 
power.  With  the  higher  of  the  two  voltages  and 
an  equal  current  flow,  power  wilt  increase  by  a 
factor  of  1.73,  the  factor  by  which  the  voltage 
increased.  Obtaining  increased  power  by  increas- 
ing voltage  instead  of  current  allows  the  use  of 
smaller  current-carrying  conductors  in  both  the 
distribution  j  system  and  the  generator:  this 
makes  the  system  lighter  in  weight,  less  costly, 
and  more  adaptable  for  supplying  power  to  a 
wide  variety  of  loads. 

In  the  4-wire  grounded  neutral  system,  the 
neutral  wire  is  connected  to  the  frame  which,  in 
this  case,  constitutes  ground.  The  3-phase  wires 
are  then  connected  to  the  3-phase  power  recep- 
tacle. The  convenience  outlets  are  connected 
line  to  neutral,  and  they  supply  single-phase 
power  for  such  items  as  test  equipment  and 
soldering  irons. 

The  line-tO'line  voltage  found  in  a  3-phase, 
wye-connected  system  is  the  vector  sum  of  the 
voltages  generated  by  two  separate  phase  wind- 


ings. Because  a  phase  difference  of  120'*  exists 
between  the  two  generated  voltages,  they  will 
reach  their  peak  amplitudes  at  different  times 
and  consequently  must  be  added  vectorially,  not 
diiectly. 

The  a-c  generator  on  the  NC-12  provides 
i25-kva  of  3-phase  power  at  I  20/208  volts,  400 
Ml  with  a  75-p^rcent  lagging  power  factor  when 
rotated  at  1,846  rpm. 

This  a-c  generator  has  an  integral  d-c  exciter 
which  provides  the  excitation  for  the  rotating 
field.  The  exciter  generates  d-c  power  which  is 
fed  through  its  own  shunt  field  as  well  as  to  the 
lotating  field  of  the  generator.  Regulation  of  the 
a-c  output  voltage  is  accomplished  by  varying 
the  external  resistance  in  series  with  the  exciter 
shunt  field,  thereby  controlling  the  exciter 
output  and  consequently  the  rotating  field  input 
which,  in  turn,  determines  the  a-c  output  volt- 
age. 

The  collector  rings,  exciter  armature,  rotating 
field,  and  a  fan  are  mounted  bn  the  same  shaft 
which  IS  supported  between  two  bearings.  This 
shaft  is  driven  bv  a  flexible  drive  spindle  which 
mates  directly  in  the  engine-drive  spline.  The  fan 
provides  ventilating  air  for  cooling  of  the  gen- 
erator. 

The  stationary  member  of  the  generator  is 
made  up  of  the  a-c  armature  and  the  d-c  exciter 
field.  Both  a-c  and  exciter  terminal  boards  are 
mounted  so  that  they  are  t^  ^^ily  accessible.  All 
brush  rigging  is  located  or  generator  and  is 
protected  with  a  brush  cover,  Slotted-hole  type 
mounting  provides  for  ease  in  attaching  to  the 
engine  pad..  Capacitors  connected  between  the 
exciter  armature  terminals  and  ground  suppress 
radio  noise. 

The  a-c  generator  rotating  field  has  I  2  poles 
with  adjacent  poles  being  of  opposite  polarity. 
One  cycle  per  revolution  is  produced  by  each 
pair  of  poles:  thus,  6  cycles  are  produced  per 
revolution.  The  output  frequency  of  the  gen- 
erator varies  in  direct  proportion  to  the  engine- 
drive  speed.  The  internal  wiring  diagram  of  a 
typical  a-c  generator  is  shown  in  figure  13-23. 

BRUSHLESS  A^^  GENERATOR 

A  modern  concept  in  the  generation  of  a-c 
voltage  is  being  utili/.ed  in  current  MEPP*s.  This 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 


SFW-excirer  ihunt-f ield  winding. 
AW-a  c  g«>nerator  armature  winding. 
FW-a  c  generator  field  winding. 
SW-exciter  Mries  winding. 
CW-exciter  compeniating  winding. 
•PW-exciter  interpole  winding. 
DSW-exciter  differential  shunt  winding. 

Figure  13-23.-|nternal  wiring  diagram  of 
an  a-c  generator. 
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concept  eliminates  the  need  for  brushes  in  the 
a-c  generator.  Traditionally,  brushes  and  com- 
nuitators  or  sliprings  have  been  the  chief  deter- 
rent in  extending  the  time  between  overhauls  of 
a-c  generators. 

The  development  of  a  practical  brushless 
generator  haS  eliminated  the  brush  problem  The 
time  between  scheduled  removals  of  generators 
has  been  doubled  by  the  use  of  brushless 
generators.  It  is  predicted  that  this  time  period 
will  be  increased  in  the  future. 

The  theory  of  the  brushless  generator  is  not 
new.  The  lack  of  a  small  rectifier  that  could 
withstand  the  electric  current  and  rotational 
stresses  caused  the  delay  betweenXthe  drawing 
board  and  the  production  of  a  brushless  gen- 
erator. The  development  of  a  sUicon  diode  that 
IS  small,  rugged,  and  has  sufficient  current 
capabilities  allowed  the  development  of  a 
practical  brushless  generator. 

Brushless,  Generator  Theory 

A  brushless  generator  is  shown  in  schematic 
form  in  figure  13-24.  It  is  comprised  of  three 


TO  SYSTEM 
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C  EXCITER 
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Figure  13-24.-Oiagram  of  a  brushless  a.  generator  excitation  system. 
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main  sections-the  permanent  magnet  (PM)  gen- 
erator, the  exciter-and-rectifier  assembly,  and 
the  main  a-c  generator.  Each  of  these  sections 
has  two  parts-the  rotating  and  the  stationary. 
The  only  connections  between  the  rotating  and 
stationary  parts  are  working  airgaps  in  each  of 
the  three  sections  (no  brushes). 

The  speed  of  operation  of  the  brushless 
generator  is  limited  to  a  narrow  range  (plus  or 
minus  5  percent).  The  newer  electrical  a-c 
generators  are  driven  by  constant-speed  drive 
units  or  constant-speed  engines.  In  most  of  the 
newer  MEPP's,  the  generator's  operating  speed  is 
held  to  within  I  or  2  percent  of  the  generator's 
nominal  speed.  Most  brushless  generators  are 
driven  at  a  speed  to  produce  a  400-Hz  output. 

Permanent  Magnet  Generator 

The  PM  generator  section  consists  of  a 
permanent  magnet  rotor  and  a  3-phase  or 
single-phase  stator,  depending  on  the  particular 


model.  The  PM  generator  is  a  simple,  higlily 
reliable  source  of  power.  The  power  generated 
by  the  PM  generator  is  used  for  excitation,  for 
operation  of  the  electrical  power  control  relays, 
and  for  operation  of  the  electrical  protective 
system.  Since  the  PM  generator  operates  at  a 
constant  speed,  its  output  voltage  is  constant 
and  completely  independent  of  the  main  gen- 
erator's output.  The  PM  generator  will  deliver 
power  during  a  failure  of  the  main  generator. 
This  arrangement  provides  positive  control  of 
the  main  generator.  The  PM  generator  insures 
that  a  source  of  power  is  available  for  buildup  of 
the  exciter  and  main  generator;  therefore  ex- 
citation is  not  dependent  on  a  residual  flux 
being  present  in  the  generator  or  exciter.  The 
PM  generator  excitation  system  has  been  de- 
signed to  operate  transistors  at  their  optimum 
voltage,  thus  avoiding  exposure  of  the  transistors 
to  the  harmful  transient  voltages  present  during 
fault  or  load-switching  conditions  of  the  main 
generator  system. 


EXCITER 
FIELD  , 


PILOT  EXCITER  V 
(OUTPUT  GOES 
TO  VOLTAGE 
REGULATOR)  I 


ITER  > 
JOES    S  ^ 

R)|HJ 


STABILIZING 
FIELD  INPUT 
FROM  VOLTAGE 
REGULATOR 


Figure  13-25.-Schematic  of  a  brushless  a  c  generator. 
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In  summary,  the  PM  generator  section  of  a 
brushless  generator  is  a  simple,  reliable  source  of 
power.  The  PM  generator  makes  the  brushless 
generator  a  completely  self-contained  unit  that 
does  not  depend  on  an  external  source  of  power 
for  buildup  or  excitation  during  operation 

Another  type  of  brushless  a-c  generator  is 
shown  m  figure  13-25.  This  generato?  consists  o? 

erafnr    nrJ    '  ^"'^        '"^i"  gen- 

erator.  Utilizing  an  integral  exciter  with  a 

rotating  armature   that   has   its   a-c  output 

re  ified  for  the  main  d-c  field,  which  is  alo 

rotating,  eliminates  the  necessity  of  brushes  The 

pilot  exciter  is  an  eight-pole,  a-c  generator.  ' 

The  pilot  exciter  field  is  mounted  on  the  main 

generator  rotor  shaft  and  is  connected  in  series 

with  the  main  generator  field.  The  pilot  exciter 

stator.  The  a-c  output  of  the  pilot  exciter  is 
supplied  to  the  voltage  regulator,  wher.  it  is 
,  rectified  and  controlled,  and  is  then  impressed 
on  the  exciter  field  winding  to  furnish  excitation 
for  the  generator.  The  exciter  is  a  small  a-c 
generator  with  its  field  mounted  on  the  main 

mounteu  on  the  generator  rotor  shaft.  Included 
m  f'^'d  ^--e  permanent  magnets 

mounted  on  the  main  generator  stator  between 
he  exciter  poles.  The  exciter  field  resistance  is 
temperature  compensated  by  a  thermistor.  This 
aids  regulation  by  keeping  a  nearly  constant 
resistance  at  the  regulator  output  terminals.  The 
exciter  output  is  rectified  and  impressed  on  the 
main  generator  field  and  pilot  exciter  field 

Rectification    of   the    exciter   output  is 
accomplished  by  utilizing  a  3-phase,  full-wave 
bndge  rectifier  consisting  of  six  high-tempera- 
ture silicon  rectifiers  mounted  in  the  rotor  shaft 
ot  the  main  generator.  The  exciter  stator  has  a 
stabi  izing   field   which  is  used  to  improve 
stability  and  to  prevent  voltage  regulator  over- 
corrections for  changes  in  generator  output 
voltage..  The  generator  is  3-phase,  4-wire  wye- 
connected  with  ground  neutrals.  By  using  an 
integral  a-c  exicter,  tfte  necessity  for  brushes 
within  the  generator  has  been  removed  The  a-c 
output  of  the  rotating  exciter  armature  is  fed  ■ 
directly  into  the  3-phase,  full-wave  rectifier 
bndge  located  inside  the  rotor  shaft.  The  d< 
output  from  the  rectifier  bridge  is  fed  to  the 
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I-  Screw  and  washar. 

2.  Generator  brush  spring. 

3-  Generator  brush. 

4.  Screw  and  washer. 

5.  Exciter  brush. 

6.  Exciter  brush  spring. 

Figure  13-26.-A-C  generator  brushes.  ^ 

main  a-c  generator  rotating  field.  Voltage  regu- 
at  on  .s  accomplished  by  varying  the  strength'of 

eversau' of  P^'^^ity 
reversals  of  the  a-c  generator  are  eliminated  and 

pLTIv  ;?'°K  °'  ''''''  interference  is  accom 
piished  by  the  absence  of  brushes. 

MAINTENANCE 

The  Service  and  Repair  Instructions  Manual 
usually  contains  troubleshooting  charts  or  tables 
to  aid  the  ASE  in  locating  and  eliminating  a-c 

roubleshooting,  consult  the  applicable  manu^ 
or  detailed  instructions.  Table  13-3  is  a  typical 
troubleshooting  chart  for  a-c  generators. 
Ur  u/J  ''ff'"^^  necessary  to  install  ^new 
brushes  (fig.  13-26),  the  following  procedure  I 
recommended:,  uv.cuuic » 
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Table  13-3.-A-C  generator  troubleshooting  chart 


Trouble 

Probable  Cause 

Remedy 

Generator  runs  at  rated 
speed  but  delivers  no 
voltage. 

'   Circuit  breaker  in  generator 
control  open. 

Reset  circuit  breaker* 

Exciter  not  generating  caused 
by  defective  brushes. 

Replace  and  reseat  brushes. 

Exciter  not  generating  caused 
by  defective  windings. 

Repair  windings. 

Defective  suppression  capacitor 
on  filters. 

Replace  capacitor  in  col* 
lector  and  shield  or 
replace  filter  in  filter 
box  on  exciter. 

Generator  field  circuit  open 
caused^by  defective  brush 
connections  or  faultv 
brush  contact. 

Tighten  brush  connections. 
Reset  brush  contact  on 
filinrinfffl. 

Direction  of  generator  rotation 
incorrect. 

Change  drive  to  obtain 

proper  generator  rotation* 

Improper  operation  of  voltage 
regulator  circuit. 

Replace  defective  com- 
ponents. 

Short,  ground,  or  open  circuit 
in  generator  windings. 

Repair  Generator  windings. 

Generator  temperature 
excessive. 

Overload  on  generator. 

Reduce  generator  load. 

Excessive  field  excitation  caused 
by  defective  overload  circuit 
breaker. 

Replace  defective  overload 
circuit  breaker  in  gen- 
erator control. 

Excessive  field  excitation  caused 
by  defective  connections  or 
defective  generator  windings. 

Repair  or  replace  defective 
components. 

Restricted  ventilation 

Remove  obstructions  from 
air  passages. 
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t-3.-A-c  g«n«rator  troublaihooting  chart-Continued 


Trouble 

Exciter  temperature 
excessive. 

Probable  cause 
Poor  exciter  connections. 

Restricted  ventilation. 

Overload  on  exciter. 

Short,  ground,  or  open  circuit 
in  exciter  windings. 

Remedy 
Tightenor  repair  connections. 

Remove  obstructions  from 
air  passages. 

Replace  defective  overload 
breakers  an^or  regulators. 

Repair  windings  or  replace 
exciter. 

Bearings  aie  overheated. 

Bearing  lubrication  deteriorated. 
Bearings  worn. 
Bearings  misalined. 

Replace  bearings. 

Replace  bearings. 

Install  bearings  and  end 
shields  properly. 

Excessive  noise. 

Bearings  peened  or  worn. 
Foreign  matter  in  generator. 

Excessive  vibration. 

Replace  bearings. 

^Remove  foreign  matter. 
Replace  defective  com- 
ponents. 

Mount  generator  properly. 

Brushes  spark. 

Worn  brushes. 

Exciter  brush  spring  tension 
too  low. 

^v^Atc^A  a«.ui  ui  uoji  spring  tension 
too  low. 

Rough,  pitted,  or  worn  com- 
mutator or  collector  rings. 

Short,  ground,  or  open  circuit 
in  exciter  armature  or  short 
circuit  in  commutator. 

Replace  brushes. 

Replace  exciter  brush 
springs. 

Replace  generator  brush 
springs. 

Repair  or  replace  defective 
components. 

Repair  or  replace  defective 
components. 

Failure  to  build  up 
voltage. 

Loss  of  residual  magnetism. 

Loose  or  missing  connections 
in  exciter  load  circuit. 

Defective  circuit  breaker. 

Momentarily  flash  control 
field  from  d-c  source. 

Tighten  or  replace  con- 
nections. , 

Replace  circuit  breaker. 

413 

erJc  '-i 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


Table  13-3.-A-C  generator  troubleshooting  chart-Continued 


Trouble 

Probable  cause 

Renredy 

High  resistance  in  exciter 

InsH  circus f 

Tighten  circuit  connections 
or  replace  defective  cir- 
cuit breaker. 

Exciter  output  goes 
to  maximum. 

Reversed  oolaritv  of  exciter. 

momencaruy  ixasn  field 
from  d~c  source. 

Defective  radio  noise  filter. 

Exciter  not  functioning  as  an 
amplidyne  caused  by  open 
bi  ush  rigging  cross 
connector. 

Replace  defective  rigging 
and  reset,  1 

Improper  regulator  operation. 

Adjust  regulator,  replace 
if  defective. 

Open  control  field  in  exciter. 

Repair  or  replace  defective 
component* 

Pull  the  brush  springs  back  only  as  far  as 
necessary  to  allow  removal  of  the  old  brushes; 
this  may  be  easily  accomplished  by  using  a  hook 
made  of  stiff  wire.  Attach  the  brush  pigtails  of 
the  new  brushes  to  the  pre  ^r  connections  and 
secure  the  pigtails  electricaSy.  Insert  the  brushes 
in  the  brush  holders.  After  the  new  brushes  have 
been  installed,  steps  must  be  taken  to  remove 
the  old  commutator  film,  fit  the  new  brushes, 
and  establish  a  new  film. 

TESTING 

The  testing  of  field  coils,  armatures,  and 
commutators  for  a-c  generators  is  the  same  as 
for  d-c  generators  which  was  discu$&ed  pre- 
viously,; 

The  presentation  of  detailed  test  procedures 
for  individual  a-c  generators  is  beyond  the  scope 
of  this  training  manual  and,  as  procedures  will 
vary  for  each  a-c  generator,  the  ASE  must  refer 
to  the  operation  and  ser/ice  instructions  for  the 
unit  to  be  tested  and  tlie  operation  and  service 
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instructions  for  the  load  bank  to  be  used.  For 
detailed,  step-by-step  procedures  for  complete 
testing  of  a  particular  a-c  system. 


A  C  VOLTAGE  REGULATORS 

The  essential  function  of  the  voltage  regulator 
is  to  use  the  a-c  output  voltages  as  a  sensing 
influence  to  control  the  amount  of  current  the 
exciter  may  supply  to  its  own  control  field,  A 
drop  in  the  output  a-c  voltage  causes  a  rise  in  the 
exciter  control  field  current.  A  rise  in  the  output 
a-c  voltage  causes  a  drop  in  the  exciter  control 
field  current.  These  latter  two  characteristics  are 
caused  by  actions  within  the  voltage  regulator 
and  are  common  to  resistive  (carbon-pile)  and 
magnetic  types  of  a-c  voltage  regulators.  All 
types  of  regulators  perform  the  same  functions, 
but  accomplish  them  through  different  operat- 
ing principles. 

1  ' 


Chapter  13  -  POWER  GENERATING  SYSTEMS 


CARBON-PILE  A  C 
VOLTAGE  REGULATOR 

The  operating  principles  of  a  carbon-pile  a-c 
voltage  regulator  are  identical  to  those  employed 
in  the  d-c  type  of  regulator;  that! is.  the  strength 
of  the  magnetic  field  of  a  potential  coil  controls 
the  compression  of  a  carbon  pile.  TIic  resistance 
ot  the  carbon  pile  is  thus  controUed  by  the 
amount  of  voltage  applied  across  the  potential 
coil.  In  the  d-c  regulator,  the  poteAtial  coil  is 
connected  througli  a  resistance  directly  to  the 
d-c  voltage  to  be  controlled..  The  a-c\regulator 
potential  coil  cannot  be  connected  in  such  a 
direct  manner  because  the  alternating  magnetic 
field  would  be  aracticairy  useless  for  purpo.ses  of 
voltage  regulatftn.  This  problem  is  solved  by 
making  a  full-wave  rectifier  a  part  of  the  basic 
regulator. 

Figure   13-27  is  a  simplified  schematic  of 
a  single-phase  a-c  voltage  regulator..  Some  of 
the  a-c  hne  voltage  (a-c  generator  output)  is 
connected  across  terminals  B  and  G  In  series 
with  terminals  B  and  G  is  a  500-ohm  voltage^ 
dropping  variable  resistor,  a  150-ohm  voltage- 
adjusting  potentiometer,  and  a  rectifier  The 
potential  coil  is  connected  across  the  d-c  ter- 
minal,s  of  the  rectifier.  Any  change  in  a-c  voltage 
results  in  a  change  in  direct  current  through  the 
coil,  thus  causing  a  change  in  carbon-pile  com- 
pression. The  same  effects  may  be  caused  by 
moving  the  potentiometer  setting.  However  the 
most  significant  relation  to  understand  is  that 
any  change  in  the  a-c  voltage  applied  across 
terminals  B  and  G  causes  a  corresponding  change 
in  resistance  between  terminals  A  and  D  (car- 
bon-pUe  compression).  Thus,  by  connecting  the 
carbon-pile  resistance  in  series  with  the  exciter 
shunt  control  field,  the  current  through  that 
tield  IS  controlled  indirectly  by  the  value  of  line 
a-c  voltage. 

A  simplified  drawing  of  an  a-c  generator  and 
Its  controlhng  regulator  is  shown  in  figure  l3-''8 
A  complete  sequence  of  what  happens  when  a 
change  occurs  in  the  generator's  a-c  output  is- 
Assume  that  a  heavy  load  has  been  placed  on  the 
system.  The  resultant  decrease  in  voltage  across 
terminals  Tl  and  T2  causes  a  decrease  in  the 
voltage  at  terminals  B  and  G  on  the  voltage 
regulator.  This  same  decrease  in  a-c  voltage  also 
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Figure  13-27.-.Simplified  schematic  of  a  single  phase 
a-c  voltage  regulator. 
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Figure  13.28.-A.C  generator  and  regulator. 
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Figure  13-29.- Schematic  of  a  3-phase  a-c  voltage  regulator. 
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occurs  across  the  re-guiator  rectifier;  this  causes  a 
decrease  of  current  through  the  potential  coil. 
As  the  potential  coil  .current  decreases,  the 
strength  of  its  magnetic  field  also  decreases.  The 
resultant  partial  release  of  magnetic  **puir' 
acting  on  the  iron  armature  allows  the  dia-' 
phragm  spring  to  press  the  iron  armature  slightly 
tighter  against  the  carbon  pile. 

Increased  pressure  on  the  pile  improves  the 
,  quality  of  contact  between  the  individual  carbon 
washers  which  comprise  the  pile  '^he  result  is  a 
decrease  in  resistance  of  the  pile.  When  the  pile 
resistance  decreases,  pile  current  increases. 

This  pile  current  flows  from  the  exciter 
armature  output  brush  through  terminal  Fl, 
through  the  carbon  pile,  back  through  terminal 
F2,  then  through  the  exciter  shunt  controlVield, 
and  finally  returns  to  the  exciter  armature. 
When  the  pile  current  (exciter  field  current) 
increases,  the  exciter  control  field  is  made  strong 
and  a  greater  voltage  is  induced  into  the  exciter 
armature.  The  increased  exciter  output  voltage 
causes  an  increased  current  through  the  a-c 
generator  field.  As  the  a-c  generator  field  is 


made  stronger,  a  greater  an:  voltage  is  induced 
into  the  a-c  armature  windings..  The  a-c  voltage, 
across  terminals  Tl  and  T2,  is  then  raised  back 
to  the  proper  level.  Should  the  load  be  de- 
creased, the  regulator  would  react  in  a  manner 
to  keep  the  output  constant. 

The  construction  and  theory  of  operation  of 
single-phase  and  3-phase  regulators  are  essen- 
tially the  same.  However,  the  associated  equip- 
ment for  a  3-phase  regulator  is  more  complex. 
Figure  1 3-29  shows  the  electrical  schematic  for 
the  3-phase  a-c  carbon-pile  voltage  regulator. 


MAGNETIC  AMPLIFIER  REGULATOR 

The  magnetic  amplifier  type  a-c  voltage  regu- 
lator has  wide  use  on  MEPP's.  The  ASE  is 
required  to  understand  and  maintain  the  mag- 
netic amplifier  type  regulator,  sometimes  re- 
ferred to  as  the  static  a-c  voltage  regulator.  As 
the  word  static  indicates,  there  are  no  moving 
mechanical  parts  in  the  entire  regulating 
mechanism  (except  for  exciter  control  relays). 
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A  simplified  generator  and  magnetic  amplifier 
type  voltage  regulator  are  shown  in  figure  13-30 
The  magnetic  amplifier  (LI)  is  shown  wound  on 
a  three-legged  iron  core.  Tlie  two  outer  (field) 
windings  are  connected  to  phase  Tl  of  the 
generator  and  through  full-wave  rectifier  to  the 
buck  windings  located  in  the  generator  The 
control  winding  for  the  amplifier  is  wound  on 
the  center  leg  of  the  iron  core  and  is  connected 
in  the  center  leg  of  the  bridge  circuit..  The  bridge 
circuit  IS  composed  of  resistors  (Rl,       R3  R4 
and  R5),  a  rectifier  (CR3),  a  control  winding," 
and  two  voltage  regulator  tubes.  After  a  regu- 
lator tube  fires  it  maintains  a  constant  150-volt 
drop.  Due  to  the  characteristics  of  the  tubes 


only  one  will  conduct  and  the  other  is  used  as  a 
backup  in  case  of  failure  of  the  operating  tube. 
The  bndge  circuit  senses  any  change  in  the 
generator  output  voltage,  and  this  change  is 
impressed  across  the  control  winding  of  the 
amplifier.  The  amplifier  controls  the  amount  of 
current  flow  through  the  buck  windings.  Current 
now  through  the  buck  windings  will  always  be 
in  the  same  direction  due  to  the  action  of 
full-wave  rectifier  (CR2).  The  buck  and  boost 
windings  are  wound  on  the  saf'ne  pole  pieces  but 
the  magnetic  field  set  up  by  the  buck  windings  is 
always  in  opposition  to  the  magnetic  field  set  up 
by  the  boost  windings.  The  pole  pieces  on  which 
the  windings  (buck  and  boost;  are  wound  retain 
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Figure  13*31.— Transistorized  a-c  voltage  regulator. 
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some  magnetism  for  initial  buildup  of  the 
exciter  generator.  Then,  a  portion  of  the  a-c 
generator  output  is  rectified  by  the  full-wave 
rectifier  (CRl)  and,  as  a  result,  current  flows 
throu^  the  bridge  circuit  and  the  boost  wind- 
ings. The  boost  windings  aid  the  residual  mag- 
netism in  the  pole  pieces  for  a  complete  buildup 
of  the  exciter  generator,  which  causes  the. 
output  voltage  of  the  a-c  generator  to  go  up  to 
the  value  for  which  the  voltage  regulator  is  set. 

Operation 

The  exciter  armature  and  rotating  field  are 
mounted  on  the  same  shaft.  When  the  shaft  is 
turned  the  exciter  armature  cuts  the  magnetic 


field  set  up  by  the  residual  magnetism  in  the 
pole  pieces.  Voltage  is  induced  into  the  exciter 
armature,  causing  current  to  flow  through  the 
rotating  field.  The  rotating  magnetic  field  cuts 
the  stator  windings  of  the  a-c  generator,  in- 
ducing a  voltage  into  the  windings.  A  portion  of 
the  generator  output  is  rectified  and  impressed 
across  the  bridge  circuit  and  the  boost  windings. 
This  causes  current  to  flow  through  the  boost 
windings,  providing  a  stronger  magnetic  field  for 
the  exciter  armature^o  cut.  This  cycle  continues 
until  the  output  voltage  reaches  the  value  for 
which  the  regulator  is  set. 

As  the  generator  comes  up  to  regulated 
voltage,  one  of  the  voltage  regulator  tubes  will 
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fire  and  maintain  a  constant  ISO-vplt  reference 
voltage  for  the  bridge  circuit.  Current  tlows 
through  the  center  leg  of  the  bridge  circuit 
(control  winding),  driving  the  magnetic  amplifier 
toward  saturation  (decreasing  inductance)  This 
causes  the  current  in  the  magnetic  amplifier  field 
windings  to  increase.  This  same  current  flows 
through  the  buck  windings,  causing  a  stronger 
magnetic  field  in  opposition  to  the  magnetic 
held  set  up  by  the  boost  windings.  When  the 
generator  voltage  reaches  the  value  for  which  the 
regulator  is  set,  there  will  be  a  proper  balance 
between  the  buck  and  boost  windings  to  main- 
tain this  voltage. 

When  a  load  is  placed  on  the  generator  the 
output  voltage  will  decrease.  The  voltage  across 
the  bridge  circuit  and  the  control  winding  wUI 
decrease.  This  decreases  control  winding  current 
driving  the  magnetic  amplifier  away  from  satu- 
ration, increasing  inductance,  and  decreasing 
amplifier  field  current  and  buck  winding  cur- 
rent. The  strength  of  the  buck  field  decreases 
giving  an  overall  stronger  magnetic  field  The 
exciter  armature  cuts  the  stronger  magnetic 
field,  inducing  more  voltage,  increasing  rotating 
field  current,  and  increasing  generator  voltage  to 
the  value  for  which  the  regulator  is  set.;  When  a 
load  is  removed  from  a  generator,  just  the 
opposite  takes  place,  but  in  the  same  order  as 
when  a  load  was  placed  on  the  generator. 

A-C  TRANSISTORIZED 
VOLTAGE  REGULATOR 

The  a-c  output  of  thd  generator  is  fed  to  the 
voltage  regulator  where'  it  is  compared  to  a 
reference  voltage,  and  the  difference  is  appUed 
to  the  control  amplifier  section  of  the  regulator. 
(»e  fig.  13-31.)  If  the  output  is  too  low,  field 
strength  of  the  a-c  exciter  generator  is  increased 
by  the  circuitry  in  the  regulator.  If  the  output  is 
too  high,  the  field  strength  is  reduced. 

The  power  supply  for  the  bridge  circuit  is 
CRI,  which  provides  full-wave  rectificalion  of 
the  3-phase  output  from  transformer  Tl  The 
d-c  output  voltages  of  CRI  are  proportional  to 
the  average  phase  voltages.  Power  is  supplied 
trom  the  negative  end  of  CRI  through  point  B 
R2,  point  C.  Zener  diode  (CR5),  point  D,  and  to 
the  parallel  hookup  of  VI  and  Rl.  Takeoff 
point  C  of  the  bridge  is  located  between  resistor 


R2  and  the  Zener  diode.  In  the  other  leg  of  the 
reference  bridge,,  resistors  Roland  R7  and  the 
temperature  compensating  resistor  RTI  are  con- 
nected in  series  with  VI  and  R^  through  points 
B.  A,  and  D.  The  output  of  this  leg  of  the  bridge 
IS  at  point  E. 

As  voltage  changes  occur  (for  example,  if  the 
generator  voltage  lowers),  the  voltage  across  R! 
and  VI  (once  VI  starts  conducting)  will  remain 
constant,  leaving  the  total  voltage  change 
occurring  across  the  bridge.  Since  the  voltage 
across  the  Zener  diode  remains  constant  (once  it 
starts  conducting),  the  total  voltage  change 
occurring  in  that  leg  of  the  bridge  is  acr^^ 
resistor  R2.  In  the  other  leg  of  the  bridge,  the 
voltage  change  across  the  resistors  will  be  pro- 
portional to  their  resistance  values. 

Therefore,  the  voltage  change  across  R2  is 
greater  than  the  voltage  change  at  point  E.  If  the 
generator  output  voltage  were  to  drop,  point  C 
would  be  negative  with  respect  to  point  E 
Conversely,  if  the  generator  voltage  output  were 
to  increase,  the  polarity  of  tiie  voltage  b  tween 
the  tvyo  points  would  be  reversed. 

The  bridge  output,  taken  between  points  C 
and  E.  is  connected  between  the  emitcerand  the 
base  of  transistor  Ql .  With  the  generator  output 
voltage  low.  the  voltage  from  the  bridge  is 
negative  to  the  emitter  and  positive  to  the  base. 
This  IS  a  forward  bias  signal  to  the  transistor  and 
the  emitter-to-collector  current  therefore  in- 
creases. With  the  increase  of  current,  the  voltage 
across  emitter  resistor  R 1 1  increases.  This,  in 
turn,  applies  a  positive  signal  to  the  base  of 
translator  04,  increasing  its  emitter-to-collectur 
current  and  increasing  the  voltage  drop  across 
the  emitter  resistor  RIO. 

This  gives  a  positive  bias  on  the  base  of  Q2, 
which  increases  its  emitter-to-collector  current 
and  increases  the  voltage  drop  across  its  emitter 
resistor  R4.  This  positive  signal  controls  output 
transistor  or  Q3.,  The  positive  signJ  on  the  base 
of  Q3  increases  the  emitter-to-collector  current. 

The  control  field  of  the  exciter  generator  is  in 
the  collector  circuit.  Increasing  the  output  of 
the  exciter  generator  increases  the  field  strength 
of  the  a-c  generator,  and  this  increases  the 
generator  output. 

To  prevent  exciting  the  generator  when  the 
frequency  is  at  a  low  value,  there  i s  an  underspeed 
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Figure  13-32.-Transistorized  a-c  voltage  regulator  schematic. 
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switch  located  near  t4ic^'F+  terminal.  When 
the  jgexieratoT' Teaches  a  suitable  operating 
frequency,  the  switch  closes  and  allows  the 
generator  to  be  excited. 

Resistors  R27,  R28,  and  R29  are  connect'^.l 
in  series  with  the  normally  closed  contacts  of 
relay  Kl.  Relay  Kl  is  connected  across  the 
power  supply  (CR4)  for  the  transistor  amplifier. 
When  the  generator  is  started,  electrical  energy  is 
supplied  from  the  28-volt  d-c  bus  to  the  exciter 
generator  field  to  "flash  the  field'*  for  initial 
excitation.  When  the  field  of  the  exciter  gen- 
erator has  been  energized,  the  a-c  generator 
starts  to  produce  and,  as  its' output  voltage 
increases,  relay  Kl  is  energized,  opening  the 
"field  Hash"  circuit. 


A  similar  type  of  transistorized  voltage  regu- 
lator (fig.  13-32)  operates  by  sensing  the  voltage 
existing  on  the  lines,  amplifying  the  changes  in 
this  signal  and  varying  the  average  current 
supplied  to  the  field  winding  of  the  integral 
exciter.  The  voltage  regulator  consists  of  a 
sensing  circuit  with  input  rectifiers,  a  tempera- 
ture compensated  Zener  diode  reference  and 
error  detecting  bridge,  and  a  three-stage  tran- 
sistor amplifier..  The  output  of  the  bridge  circuit 

a  voltage  inversely  proportional  to  the  differ- 
ence between  the  generator  voltage  and  the 
regulator  set  voltage  and  is  referred  to  as  the 
error  signaL 

The  output  of  the  3-phase  a-c  generator  is 
supplied  through  transformer  T I  in  the  regulator 
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to  provide  jsolation  from  the  generator  and  to 
deliver  correct  utilization  voltages.  The  output 
ot  the  transformer  is  then  passed  through  the 
full-wave  bridge  rectifier  (CRl)  to  obtain  a 
direct  voltage  to  supply  the  comparison  circuit 
Ihe  output  of  the  rectifier  is  proportional  to  the 
average  of  the  three  Une  voltages  and  is  applied 
to  the  voltage  reference  and  error  detecting 
ondge.  This  voltage  is  then  compared  to  the 
constant  voltage  rresent  across  the  Zener  diode 
(CR5),  and  a  means  of  telling  whether  the 
generator  is  too  high  or  too  low  is  achieved. 
Potentiometer  R7  permits  adjustment  to  the 
desired  voltage..  The  low  ,       (VI)  serves  to 
increase  the  sensitivity  of  ti    /oltage  reference 
and  error  detecting  bridge.:  Thermistor  RTl 
provides  temperature  compensation  in  the  com- 
parison circuit  to  offset  the  effects  of  changes  in 
the  other  elements  of  the  circuit  resulting  from 
temperature  variations  so  that  a  nearly  constant 
voltage  IS  held. 

The  output  voltage  of  the  error  detecting 
bridge  has  a  sawtooth  wavd  shape  due  to  the 
rippk  resulting  from  the  semifiltered  3-phase 
rectifier  supply..  This  sawtooth  voltage  is  applied 
o  the  input  of  the  first  stage  of  the  three-stage 
transistor  amplifier,  and  with  the  second  and 
third  stages  being  overdriven,  an  essentially 
square  wave  dutput  is  obtained.^  The  effect  of 
the  error  detecting  bridge  output  is  to  modulate 
the  width  of  the  pulses  that  are  being  passed 
hrough  the  amplifier  so  that  the  output  current 
to  the  shunt  field  of  the  integral  exciter  is  varied 
by  varying  the  width  of  the  square  wave  pulses 
The  power  for  operating  the  three-stage  tran- 
sistor amplifier  is  supplied  through  the  full-wave 
bndge  rectifier  (CR4)  from  transformer  Tl 
Ubtaimng  the  amphfier  power  supply  in  this 
manner  requires  special  consideration  since  there 
.  are  times  when  excitation  is  required  and  no 
voltage  IS  available  to  supply  the  amplifier.  Such 
conditions  exist  during  initial  buildup  of  system 
voltage  from  rest,  and  during  3-phase  short 
circuit  on  the  generator.  A  control  relay  (Kl) 
connected  across  the  full-wave  bridge  rectifier 
(CR4)  overcomes  these  obstacles  since,  with  the 
i^lay  deenergized,  the  exciter  is  self-excited.. 
When  the  generator  voltage  is  approximately  90 
volts  line  to  line,  the  voltage  across  CR4  is 
sufficient  for  the  control  relay  (Kl)  to  pick  up 


removing  the  self^xcited  field  circuit,  and  the 

vX;/'""\'"''  -         -PPlied  from'  J 
voltage   regulator    as   a    separately  excited 
machine.  No  feedback  network  or'sta  fl  g 
ransformers  are  necessary  in  this  voltage  regu 
ator  due  to  the  absence  of  phase  sh;a  and  the 


A-C  CIRCUIT  PROTECTION 

This  MEPP,  like  most  high  capacity  power 
generating  equipment,  has  a  system  for  sensing 
lault  conditions  in  both  voltage  and  frequency 
The  sensors  used  to  detect  fault  conditions  on 

PAPvl^Ac*"^"^  '"'^^^^'^  ^  PROTECTIVE 
i-ALKAGE.  The  sensors  in  the  protective  pack- 
age sense  overvoltage,  undervoltage,  over- 
frequency,  and  underfrequency  conditions. 
When  one  or  more  of  these  conditions  exist, 
control  relays-  are  energized,  cutting  off  the 
output  voltage  supply.  The  operating  limits  for 
a-c  voltage  and  frequency  are:  voltage  90-125 
volts;  frequency,  380-420  Hz. 

A   typical  protective  package  (fig.  13-33) 
contains  four  sUicon-controKed  rectifiers  (SCR) 

^rpi?'c^o"J.°^"™''  'Jetection.  The  SCR15, 
SCR16,  SCR22,  and  SCR24  are  controlled  by 
different  monitor  circuits,  but  the  conduction  of 
any  one  of  the  four  completes  the  current  path 
necessary   to   energize   relay  K116,  thereby 

Tu"' c^r^n'"^  (See  fig.  13-34  ) 

ihe  SCR  can  conduct  only  when  the  proper 
voltage  is  appUed  to  the  input  gate.  The  input 
gate  voltage  required  to  fire  the  SCR  is  0  2  to 
2.5  volts. 

The  voltages  necessary  to  operate  the  pro- 
ective  package  are  brought  in  through  J 103. 
(See  fig.  13-33.)  Pin  M  is  d^  ground  and  pin  N  is 

i      u'  diodes  CR9 

through  CRll  are  connected  aaoss  the  d-c 
input  to  reduce  the  d-c  voltage  to  13.5  volts,  for 
use  in  the  detection  circuits.  The  three  phase  a^; 
voltage  is  applied  .hrough  pins  F  (phase  C),  J 
(phase  B),  E  (phase  A),  and  L  (a-c  neutral)  All 
phases  are  stepped  down  to  20  volts  a.c.  Phase  B 
IS  also  transformer  coupled  into  the  frequency 
monitor  circuits. 
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UNDERVOLTAGE 
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The  undervoltage  transistor  Q3  controls  the 
gate  mput  voltage  to  SCR  15.  Potentiometers 
A   '"i-u  '^'^       set  for  approximately  15 
volts  d.c.  The  three  potentiometers  are  diode 
isolated  from  each  other.  R2(,  is  used  to  set  the 
bias  point  for  Q3.  The  emitter  of  Q3  is  biased 
negative  w.th  respect  to  the  base.  Since  the  base 
.s  connected  to  all  three  a-c  phases,  a  decrease  in 
voltage  ,n  any  phase  will  cause  the  base  to 
become  negative  with  respect  to  the  emitter  and 
Q3  will  conduct.  This  applies  a  positive  potential 
to  the  gate  of  SCR  15.  SCR  15  will  conduct, 
sending  current  flow  out  pin  H  of  J 103  to  the 
relay  K116,  disabling  the  output  contactors  of 
the  a-c  and  d-c  generators. 

OVEI^OLTAGE 

Transistors  Ql  and  Q2  (fig.  13-34)  control 
operation  of  the  overvoltage  circuit..  Rectifier 
power  from  the  3-phase  transformer  is  adjusted 
by  potentiometer  R17  so  that  in  the  stable 
condition.  Q2  is  conducting  and  Ql  is  cut  off 
When  an  increase  in  voltage  is  felt  across  any 
Phase  an  increase  in  potential  is  felt  at  the  base 
ot  Q2,  cutting  it  off..  When  Q2  cuts  off  a 
negative  potential  is  felt  at  the  base  of  Ql,  with 
respect  to  the  emitter,  and  Ql  conducts.  When 
Ql  conducts,  it  applies  a  positive  potential  to 
he  gate  of  SCR18,  causing  it  to  conduct, 
thereby  energizing  relay  K116.  Relay  K116 
disables  the  output  contactors  of  the  a-c  and  d-c 
generators,  thereby  cutting  off  the  output  volt- 
ages. ^ 


UNDERFREQUENCY  AND 
OVERFREQUENCY 

The  frequency  monitoring  circuitry  (fig 
13-33)  consists  of  an  overfrequency  and  an 
underfrequency  circuit..  The  115  volts  a.c.  is 
applied  to  the  frequency  circuits  from  trans- 
tormer  T2,  phase  B.  Direct-current  voltage  is 
applied  to  the  transistors  from  Zener  diode  CR8 . 
The.  frequency  circuitry  consists  of  transistors 
y4  and  05  (overfrequency).  tran.sistors  Q6  and 
Q7  (underfrequency),  a  tuned  tank  circuit,  and  a 


treguency  meter  control  circuit.  Most  of  the  a-c 
voltage  is  dropped  across  R23  and  R28  before 
being  applied  to  the  tank  circuit..  The  tank 
circuit  consists  of  LI,  L2,  R33.  C6,  and  C8.  The 
tank  circuit  is  resonant  below  400  Hz  There- 
fore, at  400  Hz  there  is  some  current  flowing 
through  the  tank.  Current  flow  through  the  tank 
IS  used  to  change  the  bias  in  the  underfrequency 
and  overfrequency  circuits,  also  to  power  the 
frequency  meter.  The  frequency  control  circuits 
are  connected  across  the  tank  circuit  by  CRI3 
<-K19,  and  R40  is  used  to  adjust  the  frequency 
meter  to  400  Hz  when  the  a-c  output  is  400  Hz 
In  the  stable  frequency  condition,  transistors 
A  '"^J^i  ^   ^'"^  conducting,  and  transistors  04 
and  Q7  are  cut  off.  R4I  is  adjusted  for  a  large 
bias  potential  at  400  Hz;  therefore,  a  relatively 
large  frequency  variation  is  required  to  over- 
come this  bias.  Assume  an  overfrequency  con- 
dition (425  Hz)  exists.  This  will  cause  sufficient 
current  flow  through  the  tank  circuit  to  change 
the  bias  potential  of  R41,  thus  cutting  off  05 
When  05  cuts  off,  a  negative  potential  is 
developed  at  the  base  of  Q4  with  respect  to  the 
emitter.  Q4  will  conduct,  causing  SCR24  to 
conduct,  cutting  off  the  generator  output.  Just 
the  opposite  happens  with  an  underfrequency 
condition.,  Current  flow  through  the  tank  circuit 
^ssens;  R41  bias  potential  cuts  off  Q6  causing 
Q7  to  conduct,  and  SCR22  enei^izes  relay 
Kl  16,  cutting  off  the  output  of  the  a-c  and  d-c 
generators.  (See  fig.  1 3-34.)  • 

PHASE  SEQUENCE 

^?t:^^'  '"^  ^'"'^  ^^'^  '"'y  encountered  on 
the  MEPP  s  and  bears  consideration  is  improper 

S  mSV'""':  phase  sequence  of 

the  MEPP  s  and  aircraft's  a-c  generator  is  ABC- 
therefore,  if  the  sequence  of  the  MEPP's  a-c 
power  was  BAC,  it  must  not  be  allowed  to  enter 
the  aircraft's  electrical  circuitry.  Improperiy 
phased  voltages  ipplied  to  the  aircraft  electrical 
systems  could  cause  serious  damage  to  the 
3-phasc  instruments,  motors,  and  servo- 
mechanisms  by  trying  to  reverse  their  rotations 
1  his  damage  aside  from  twisting,  breaking,  and 
oinding,  could  result  in  overheating  and  fire. 

The  most  common  cause  of  improper  phase 
sequencing  of  MEPP  equipment  is  replacement 
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of  the  as:  MEPP  aircraft  power  cable.  If  any  two 
of  the  output  cable  leads  were  improperly 
connected  at  the  MEPP  a-c  generator  terminals, 
the  phase  sequence  would  in  effect  be  reversed. 
Therefore,  any  time  the  a-c  power  cable  is 
replaced  and/or  the  possible  cause  of  a  trouble  is 
phase  sequencing,  the  receptacle  end  of  the 
power  cable  should  be  checked  with  a  phase 
sequence  indicator  such  as  is  provided  on  elec- 
trical load  bank  testers. 

The  phase  sequencing  protector  devices  are 
normally  contained  in  the*  aircraft.  The  phase 
sequencing  protector  contains  a  phase  sequence- 
sensitive  relay  that  will  not  allow  external  a-c 
power  from  an  MEPP  to  be  applied  to  the 
aircraft's  electncal  system  unless  it  is  of  the 
proper  phase  sequence. 


by  connecting  a  capacitor  of  the  proper 
capacitance  in  parallel  with  the  circuit.:  The 
connection  should  be  made  as  close  to  the 
inductance  load  as  possible. 

The  nonenergy  component  of  the  current  in 
the  inductive  branch  is  180°  out  of  phase  wkh 
the  capacitive  current.  These  currents  circulate 
between  the  capacitor  and  inductive  load  and  do 
not  enter  the  line.  The  vector  sum  of  capacitor 
current  and  total  inductive  load  current  is  equal 
to  line  current.  The  line  current  is  now  in  phase 
with  the  applied  voltage  to  the  parallel  com- 
bination of  the  inductive  load  and  capacitor 
This  reduction  in  line  current  reduces  line  loss 
and  increases  the  efficiency  of  transmission. 

Information  on  power  factor  and  power 
factor  correction  may  be  found  in  Basic  Elec- 
tricity, NavPers  10086  (Series),  under  the  hea.d- 
ing  **Power  and  Power  Factor." 


POWER  AND  POWER  FACTOR 

In  a  d-c  circuit,  power  is  computed  by  the 
equation,  P  =  EI;  that  is,  watts  equals  volts  times 
amperes.  Thus,  if  1  ampere  flows  in  a  circuit  at  a 
pressure  of  200  volts,  the  power  is  200  waits. 
The  product  of  the  volts  and  the  amperes  is  the 
TRUE  POWER  in  the  circuit. 

In  an  a-c  circuit,  a  voltmeter  indicates  the 
effective  voltage  and  an  ammeter  indicates  the 
effective  current.  The  product  of  these  two 
readings  is  called  the  APPARENT  POWER,  Only 
when  the  a-c  circuit  is  made  up  of  pure 
resistance  is  the  apparent  power  equal  to  the 
true  power.  When  the  impedance  of  the  circuit  is 
either  ind»' '*ive  or  capacitive,  the  current  and 
voltage  are  not  exactly  in  phase,  and  the  true 
power  is  less  than  the  apparent  power.  The  true 
power  may  be  obtained  by  a  wattmeter  reading. 
The  ratio  of  the  true  power  to  the  apparent 
power  is  called  the  POWER  FACTOR,  and  is 
equal  to  true  power  divided  by  apparent  power. 

It  is  desirable  that  equipments  utilizing  a-c 
power  have  as  near  a  unity  power  factor  load  as 
practicable.  This  improves  the  efficiency  of 
power^distribution  by  reducing  the  line  current 
and  I*'?  losses.  Most  a-c  loads  are  lOmewhat 
inductive,  resulting  in  a  lagging  power  factor. 
Power  factor  correction  may  be  accomplished 


WYE,  DELTA,  AND 
OPEN-DELTA  SYSTEMS 

Most  3-phase  distribution  systems  utilize 
either  the  wye  or  delta  connection.  The  voltage 
an,i  current  relationships  of  these  systems  were 
covered  previously  in  this  chapter. 

An  advantage  of  a  delta  connection  system  is 
that  if  one  winding  of  the  power  source  becomes 
inoperative,  it  may  be  disconnected  and  the 
system  can  still  operate  at  57,7  percent  of 
capacity.  But  in  a  wye  connection,  if  one 
winding  of  a  3-phase  system  is  damaged  or 
disconnected,  it  is  not  possible  to  operate  the 
system.  When  power  is  distributed  in  this 
manner,  it  is  known  as  an  open-delta  system. 
For  a  detailed  description  of  open-delta  opera- 
tion, refer  to  Basic  Electricity,  NavPers  10086 
(Series),  under  the  heading  **Three-Phase  Con- 
nections." 

The  principal  reasons  for  using  a  wye-con- 
nected distribution  system  are  that  two  different 
voltages  are  obtainable  from  the  same  source;  an 
economy  in  transmission  results  because  the  line 
voltage  is  1,73  times  greater  than  the  phase 
voltage,  and  the  line  current  is  equal  to  phase 
current,.  Thus,  the  line  Tosses  are  reduced,  and 
the  efficiency  of  transmission  is  improved. 
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POWER  SYSTEMS 

Most  current  MEPPs,  such  as  the  NC-IO  and 
N(.-l_,  are  designed  to  furnish  extremely  large 
amounts  of  power  for  modem  aircraft.  Present- 
day  generators  on  MEPP's  are  of  such  capacity 
that  they  are  capable  of  providing  power  for  the 
full  load  of  one  aircraft;  however,  there  may  be 
exceptions  ^o  this  on  some  installations;  for 
example  t\Vo  patrol  type  aircraft  may  be 
furnished  bower  simultaneously  from  one 
fy.    T  requirements  of  aircraft 

tint''  '^'^'"^  °f  the  MEPP  also  varies. 
Most  MEPJf  a-c  power  systems  provide  one  or 
more  sourj/es  of  120/208  volts  3-phase  and  PO 
volts  smg^e-phase.  Many  of  the  MEPP's  also 
provide  2S  volts  d.c,  which  is  usually  obtained 
by  rectifying  a  portion  of  the  a-c  generator 
output  on  the  later  models..  The  type  distri- 
bution system  depends  largely  upon  the  require- 
ments of  the  aircraft  which  the  MEPP  is  de- 
signed to  service.  , 

GROUNDED  SYSTEMS 

Almost  all  of  the  electrical  and  electronic 
circuits  the  ASE  works  with  are  of  the  grounded 
type.  This  means  that  one  leg  of  the  circuit  is 
connected  to  a  common  conductor,  such  as  the 
earth,  or  to  a  structural  member  (frame)  of  the 
powerplant.-  When  the  grounded  leg  of  the 
circuit  ,s  connected  to  a  good  electrical  con- 
ductor, this  conductor  may  serve  as  one  leg  of 
the  circuit;  thus,  no  separate  conductor  is 
needed  for  this  leg  of  the  circuit. 

Figure  13-35  shows  a  simple  grounded 
system..  Even  though  the  grounds  are  shown  at 
different  points,  the  potentials  at  these  points 
are  essentially  the  same  since  they  are  connected 
to  a  common  conductor. 

The  3-phase  a-c  generator  is  most  commonly 
connectedlin  what  is  called  4-WIRE  WYE  In 
this  syste^Ti  the  common  connection  for  "the 
phases  called  NEUTRAL  is  connected  to 
ground.  There  is  also  a  3-WIRE  WYE,  accom- 
plished by  connecting  one  of  the  phases  to 
ground,  usually  the  B  phase..  If  this  system  is 
used  care  must  be  taken  to  insure  that  all 
3-phasc  equipment  has  the  same  phase 
grounded.:  Another  method  of  connecting  the 


Figure  13-35.-Grounded  system. 
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phases  is  called  DELTA.  In  this  system,  a 
common  connection  of  two  c:  the  phases  is 
grounded.  Figure  13-36  shows  the  grounding  of 
the  3-pl.-se  systems. 

In  the  d-c  systems  the  negative  (-)  side  of  the 
circuit  IS  usually  connected  to  ground  (deter- 
mined by  the  way  the  power  supply  is  con- 
nected). 

Any  wire  that  completes  the  circuit  to  the 
ground  network  for  an  equipment  is  designated 
with  the  letter  N.  Any  wire  so  designated  may 
come  in  contact  with  ground  at  any  point 
without  causing  malfunction  of  the  equipment 

The  grounded  type  circuit  is  advantageous 
since  It  reduces  overall  weight  by  using  fewer 
conductors.  This  results  in  a  reduction  in  cost 
and  space  requirements.  Other  advantages  are 
that  troubleshooting  is  simplified  to  some  extent 
and  the  impedance  of  the  ground  return  path  is 
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Figure  13-36.-Grounding  of  3.phase  systems. 
(A)  3-wire,wye;  (B)  4-wire  wye;  (C)  delta. 
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lower  than  that  of  a  run  conductor.  The 
disadvantages  of  a  grounded  system  are  as 
follows:  First,  short  circuits  will  result  when  a 
bare  spot  on  any  ungrounded  conductor  of  the 
system  touches  ground;  and  second,  where 
circuits  of  different  potentials  and  frequencies 
are  usmg  a  common  ground,  there  is  the 
possibility  of  one  circuit  feeding  into  another. 
This  trouble  is  more  pronounced  in  electronic 
circuits, 

UNGROUNDED  SYSTEMS 


of  governors  mentioned.  The  governors  normally 
control  engine  speed  by  controlling  quantity  of 
fuel  or  the  fuel-air  mixture  and  the  magnetic 
field  in  the  electric  motor-driven  MEPP's, 

The  ASM  3  &  2  Manual,  NavPers  10315 
(Series),  contains  information  on  governors  that 
will  be  of  interest  to  the  ASE.  The  governors 
may  be  the  responsibility  of  the  ASM  or  the 
ASE,  but  on  most  of  the  more  modern  MEPP's 
it  is  a  joint  responsibility. 


I  he  term  ungrounded  system  means  that  the 
circuit  IS  in  no  way  connected  to  ground:  thus, 
all  conductors  are  run  from  the  power  source  to 
the  loads  Circuits  of  this  type  are  often  referred 
to  as  being  above  ground.  The  ungrounded 
system  has  the  following  advantages:  It  prevents 
one  circuit  from  feeding  into  another;  no  mal- 
function of  equipment  will  occur  should  one 
conductor  become  accidentally  grounded;  and 
the  circuits  are  completely  insulated  from  each 
other.  The  system  has  the  disadvantage  of 
adding  more  weight  because  it  requires  more 
conductors  than  the  grounded  system.  This 
results  in  added  cost  and  space  requirements. 


MEPP  GOVERNORS 

When  an  electrical  load  is  placed  on  the 
generator  of  an  MEPP,  the  prime  mover  speed 
will  decrease,  likewise,  when  the  load  is  re- 
moved, the  prime  mover  speed  will  increase.  In  a 
d-c  generahng  system,  the  prime  mover  has  to 
drive  the  generator  within  a  certam  speed  range 
(depending  on  particular  generator)  to  maintain 
the  required  voltage,  even  though  the  system  has 
a  voltage  regulator.  In  an  a-c  generating  system 
speed  is  far  more  critical  because  it  also  deter- 
mines the  output  frequency.  Likewise,  some 
engines  will  overspeed  unless  some  means  is  used 
to  regulate  the  speed.  A  manual  type  throttle  is 
ineffective  because  of  the  varying  electrical 
loads.  It  IS  for  these  reasons  all  MEPP\s  use  some 
type  of  automatic  governor. 

There  are  several  different  types  of  governors. 
For  instance,  the  governors  may  be  mechanical, 
hydraulic,  electrical,  electronic  or  combinations 


ELECTRICAL  SAFETY  PRECAUTIONS 

Insofar  as  is  practicable  repair  work  on 
energized  circuits  should  not  bo  undertaken. 
When  repairs  on  operating  equipment  must  be 
made  because  of  emergency  conditions,  or  when 
such  repairs  are  considered  to  be  essential,  the 
work  should  be  done  only  by  experienced 
personnel,  and  if  possible,  under  the  supervision 
of  the  senior  petty  officer  of  the  ASE  shop. 
Every  known  safety  precaution  should  be  care- 
fully observed.  Ample  light  for  good  illumina- 
tion should  be  provided;  the  worker  should  be 
insulated  from  ground  with  some  suitable  non- 
conducting material  such  as  several  layers  of  dry 
canvas,  dry  wood,  or  a  rubber  mat  of  approved 
construction.  The  worker  should,  if  possible,  use 
only  one  hand  in  accomplishing  the  necessary 
repairs.  Helpers  should  be  stationed  near  the 
main  switch  or  the  circuit  breaker  so  that  the 
equipment  can  be  deenergized  immediately  in 
case  of  emergency,  A  man  qualified  in  first  aid 
for  electric  shock  should  stand  by  during  the 
entire  period  of  the  repair. 


HIGH-VOLTAGE  PRECAUTIONS 

Personnel  should  never  work  alone  near  high- 
voltage  equipment.  Tools  and  equipment  con- 
taining metal  parts  should  not  be  used  in  any 
area  within  4  feet  of  high-voltage  circuits  or  any 
electric  wiring  having  exposed  surfaces.  The 
handles  of  all  metal  tools,  such  as  pliers  and 
cutters,  should  be  covered  with  rubber  insulating 
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tape  (The  use  of  plastic  or  cambric  sleeving  or 
hLSr  ^"'P^^'' 

n..^f!?'f  a  capacitor  which  is  con- 

nected to  a  deenergized  circuit,  or  which  is 
disconnected  entirely,  short-circui  the  teSa 

ne^aTnH  ^"'""1.'''*  ''^^^'"^  P^°ds  should  be 
permanently  attached  to  workbenches  where 
elcctncal  devices  are  regularly  serviced 

Do  not  work  on  any  type  of  electrical 
apparatus  with  wet  hands  or  while  weSng  wel 
clothing,  and  do  not  wear  loose  or TappTng 

^at«"*or  ^iT'."'-  '"^'-'^''^  with  S 
^ates  or  hobnaJs  is  prohibited.  Safety  shoes 
with  nonconducting  soles  should  be  worn  if 
ava^able.  Flammable  articles  should  no^  be 

When  working  on ,  electrical  or  electronic 
apparatus  you  should  first  remove  all  rings 

Care  should  be  faken  that  the  clothing  does  not 
contain  exposed  zippers,  metal  buttons,  or  any 
type  of  metal  fastener.  ^ 

n  JH-H™!"**  ^"'^  '"^^"^''^  Shards  should  be 
provided  to  prevent  personnel  from  commint 
into  accidental  contact  with  high  voltages 


LOW-VOLTAG^PRECAUTIONS 

Most  people  riever  realize  the  dangers  of 
low-voltage  electric  shock.  These  hazards  a?e 
ever  present,  and  it  is  surprising  how  dangerous 
they  can  be.  Defective  handtools  and  improper 

alwfys'exist'  T''^''''  ^^^^^''^ 
seS  fo  hh.  "  °f  "istence 

any  vVtage  °f 

loS?  /J'"^  T'^^Tf  NavPei^ 
10307  (Series),  and  Standard  First  Aid  Training 

info™;tron'''?H'Ti  containS? 
nformation  with  which  you  should  be  familiar 
It  IS  recommended  that  you  acquaint  or 
reacquaint  yourself  with  the  sections  of  Airman 
that  deol  with  safety  as  it  relates  to  rtaval 
aviation.  I^e  Standard  First  Aid  Training  Cours 
IS  designed  as  a  basic  reference  in  the  field  of 
tirst  aid;  since  all  naval  personnel  are  required  to 

von  1' '  t"°K °^  P""'='P'«  °f  fir^'t  aid, 
couree  "  ^'^^  ^"'"'"8 

The  ASE  should  also  become  familiar  with 
the  contents  of  Department  of  the  Navy  Safety 
Precauuons   for   Shore   Activities,  NAVSO- 
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CHAPTER  14 


GAS  TURBINE  ENGINES 


Although  the  ASE  is  not  responsible  for  the 
maintenance  of  an  entire  engine  and  its  mechan- 
ical systems,  he  must  have  a  basic  knowledge  of 
the  engine  and  mechanical  systems  so  as  to 
operate  this  equipment  safely  when  performing 
maintenance  on  the  engine's  electrical  system. 
He  is  required  to  be  able  to  operate  gas  turbine 
engines  such  as  those  found  in  jet  engine  starting 
units.  This  chapter  is  intended  to  acquaint  the 
ASE  with  the  safe  and  proper  operation  of  these 
units  so  that  he  will  be  able  to  perform  the 
maintenance  for  which  he  is  responsible. 

Gas  turbine  engines  of  the  type  used  in  jet 
engine  starting  units  provide  pneumatic  power  in 
the  form  of  compressed  bleed  air  for  operation 
of  large-class  pneumatic  equipment.  This  equip- 
ment includes  aircraft  main  engine  starters, 
air-conditioning  systems,  and  other  types  of 
compressed  air  consumers  requiring  air  at  rela- 
tively low  pressure  but  in  high  volunie. 

There  are  many  types  and  configurations  of 
gas  turbine  engines  used  in  the  Navy;  however, 
because  of  their  similarity  in  construction  and 
operation,  only  one  is  discussed  in  this  chapter. 


PNEUMATIC  POWER  GAS  TURBINE 
ENGINE  MODEL  GTC85-72 

This  engine,  normally  referred  to  as  a  unit, 
consists  of  a  two-stage,  centrifugal  fiow  com- 
pressor directly  coupled  to  a  radial,  inward-flow, 
single  stage  turbine. 

There  are  several  different  configurations  of 
the  GTC85-72  in  use  with  the  major  difference 
being  the  type  of  enclosure  installation  that  is 
used.  Two  of  these  configurations  are  shown  in 
figure  14-1.: 


ENGINE  SECTIONS 

The  engine  is  comprised  of  three  sections, 
each  section  being  designed  as  a  separate 
assembly,  so  that  any  section  can  be  repaired  or 
replaced  individually.  Also,  as  the  engine  does 
not  use  a  long,  one  piece  main  shaft,  balance  and 
alinement  problems  are  kept  to  a  minimum. 
These  three  sections  are  shown  separated  in 
figure  14-2..: 

Accessory 

The  accessory  section  consists  of  a  gear 
reduction  drive  coupled  directly  to  the  com- 
pressor shaft  through  a  special  type  drive  shaft. 
It  provides  mounting  pads  and  drives  for  the 
starter,  centrifugal  switch  assembly,  oil  pump 
assembly,  generator,  and  the  fuel  pump  and 
control  unit. 

Compressor 

This  section  provides  the  compressed  air  for 
combustion,  engine  cooling,  and  pneumatic 
power.  The  first  and  second  stage  impellers  are 
mounted  on  and  driven  by  a  common  shaft.  The 
ends  of  the  shaft  are  splined  internally  to  receive 
the  drive  shafts  which  connect  the  compressor 
shaft  to  the  accessory  drive  shaft  and  the  turbine 
shaft  to  the  compressor  shaft.  The  compressor 
section  is  enclosed  by  a  sheet  metal  plenum 
chamber  with  the  oil  cooler  radiator  mounted 
over  the  air  intake. 

Turbine 

This  is  the  section  in  which  all  the  power 
required  to  driv^  the  compressor  and  accessories 
in  produced.  A  single  stage  turbine  wheel  is  used 
with  a  ring  of  fixed  nozzles  surrounding  its  outer 
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Figure  14-2.-Engine  sections. 


circumference.  A  single  combustion  chamber 
provides  the  high  velocity  gas  flow  which  is 
directed  to  the  nozzle  ring  by  an  assembly  called 
the  torus.  The  turbine  section  is  enclosed  by  a 
sheet  metal  plenum  chamber  on  which  the 
unloading  air  shutoff  (load)  valve  is  mounted.  It 
is  from  this  plenum  chamber  that  the  bleed  air  is 
obtained  to  support  pneumatic  loads. 

ENGINE  AIRFLOW 

Ste  figure  14-3.  Rotation  of  the  compressor 
creates  a  low-pressure  area  at  the  inlet  side  of 
the  unit.  This  draws  air  through  the  oil  cooler 
into  the  first  stage  compressor  plenum  chamber 
(air  supply  chamber).  Note  that  the  first  stage  of 
the  compressor  is  constructed  with  a  dual-entry; 
this  is  necessary  to  provide  the  large  volume  of 


air  that  is  required  for  engine  combustion  and 
cooling  and  for  supplying  pneumatic  power.  As 
air  is  draw:  into  the  first  stage  of  the  com- 
pressor, tremendous  velocity  is  imparted  to  it  by 
the  first  stage  impeller.  The  air  is  then  directed 
into  the  first  stage  diffiiser  where  it  is  slowed 
down  and  its  pressure  increased  (first  stage 
compression)  to  approximately  18  psi.  It  is  then 
directed  through  interstage  du  s  into  the 
second  stage  of  the  compressor  and  tremendous' 
velocity  is  again  imparted  to  it  by  the  second 
stage  impeller.  It  is  then  directed  into  the  second 
stage  diffuser  where  it  is  slowed  down  and  its 
pressure  further  increased  (second  stage  com- 
pression) to  approximately  37  psi.  From  the 
second  stage  compressor,  the  air  is  directed 
through  a  set  of  deswirl  vanes  where,  as  the  term 
deswirl  implies,  the  air  is  straightened  out  into  a 
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chZS  '"^^'^       turbine  plenum 

chamber.  Approximately  75  percent  of  the  a^^ 
entenng  the  turbine  plenum  chambeHs  us'd  to 
support    combustion   and  -for  combustion 
chamber  cooling  while  the  remaining  25  per  ' 
IS  available  as  bleed-air  for  operation  of  pTeu 
jnatic  equipment..  When  no  air  is  be  ng  b?ed  fmm 
nL'^"';-'^^  25  percent  Provides'addit bn^ 
engme'^coolmg,  enabling  the  engine  to  operate  a 
reduced  temperature  under  n(5oad  con 5  Ins 
Air  ente..  the  combustion  chamL?,  !ia  sm"  j 
holes  or  perforations  in  the  flame  tub  or  li^e  ' 

result  oVrt'"''  ^''^  '"^"^  ^"'J  burned.  The 
result  of  the  burnmg  of  the  fuel  is  the  raoid 

expansion  of  the  burning  gases  and  creation  o7a 
high  velocity,  high  energy,  exhaust  gas  flow 
This  gas  flow  is  collected  in  an  assembly; 


referred  to  as  the  torus,  and  directed  through  a 
nozzle  ring  surrounding  the  turbine  wheel  and 
onto  the  blades  of  the  turbine  wheel  at  The  p  opeJ 
angle  to  drive  it.  The  high  velocity,  hSr  eneSv 
exhaust  gas  flow  drives  the  turbine  (hence  the 
erm  gas  turbine)  at  a  very  high  rate  prov  d  ng 

^cessori^    H°  .'"^^  ^""^P^^^-^ 
SYSTEMS 

■     Before  the  ASE  attempts  to  operate  a  eas 

"  t'"heTu"?H" r^""  --'--c 

on  It,  he  must  have  a  Icnowledge  of  the  different 
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Figure  14-4.— Fuel  and  bteed  air  control  system. 


systems  and  the  function  performed  by  ^cli  as 
the  systems  are  interconnected  and  dependant 
on  each  other.  These  systems,  fuel  and  bleed-air 
control,  lubrication,  and  electrical,  are  discussed 
in  the  foliowing  paragraphs. 

Fuel  and  Bleed- Air  Control 

(See  fig.  144.T^his  system  functions  auto- 
matically to  maintain  a  near-constant  turbine 
operating  speed  under  varying  conditions  of  load 
and  to  control  the  amount  of  bleed-air  supplied 
by  the  engine.  The  system  consists  of  electro- 
mechanical and  pneumatic  components  with 
connecting  plumbing  and  wiring.  The  pnncipal 
components  of  the  system  are  a  fuel  pump  and 
control  unit,  an  acceleration  stabilizer  and  ad- 
justable orifice  assembly,  a  fuel  atomizer 
assembly,,  an  acceleration  control  thermostat,  an 


unloading .^air  shutoff  (load)  valve,  and  a  bleed- 
load  control  thermostat. 

FUEL  PUMP  AND  CONTROL  UNIT.  The 
fuel  pump  an.l  control  unit  incorporates  the  fuel 
pump,  acceleration  limiter  (bypass)  valve,  a 
flyweight-type  (mechanical)  governor,  and  a  fuel 
solenoid  valve. 

The  acceleration  limiter  valve  consists  of  a 
check  valve  actuated  by  two  diaphragms— one 
controlled  by  fuel  pressure  and  the  other  bi  i 
combmation  of  spring  pressure  and  compressor 
discharge  (control)  air  pressure.  It  iSM4;alled  a 
bypass  valve  because  it  is  designed  to  control 
fuel  flow  to  the  atomizer  assembly  by  bypassing 
a  portion  of  the  fuel  dehvered  by  the  fuel  pump 
back  to  the  fuel  tank  in  relation  to  compressor 
discliarge  air  pressure.  As  engine  rp..  increases 
and  compressor  discharge  air  pressure  increases* 
Jess  fuel  is  bypassed  and  more  is  delivered  to  the 
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atomizer  assembly.  The  acceleration  limiter 
valve  controls  fuel  flow  during  starting  and 
acceleration  up  to  approx.n,ately  95  pendent  c^' 
governed  engine  rpin.  -  ° 

The  mechanical  governor  begins  to  function 
as  engine  rpm  reaches  approximately  95  percent 
Enough  centrifugal  force  is  applied  to  the 
tlyweights  at  this  point  to  allow  the  governor  to 
begin  bypassing  fuel,  i„  conjunctioS  with  the 
acceleration  limiter  valve.  The  combined  bypas.s 
action  of  the  acceleration  limiter  valve  and  the 
governor  allow  just  enough  fuel  to  reach  the 
atomizer  assembly  to  maintain  governed  engine 

The  fuel  solenoi '  valve  ,s  of  the  normally 
closed  type..  It  admits  or  shuts-off  fuel  flow  to 
the  atomizer  as.sembly  in  response  to  electrical 
control  system  operation 

FiKT?nf^^^'^^  STABILIZER  AND  AD- 
JUSTABLE   ORIFICE    ASSE.MBLY. -The 
••^.-celeration   stabilizer   and   adjustable  orifice 
assembly  consists  of  a  normally  open  solenoid 
valve  and  an  -adjustable  air  bleed  installed  in  the 
control  a,r  line  between  the  acceleration  limiter 
valve  and  the  acceleration  control  thermostat 
Its  purpose  is  to  control  and  stabilize  the  rate  of 
acceleration  by  bleeding  control  air  pressure  off 
the  acceleration  limiter  valve.  Bleeding  off  a 
po.lion  ot  the  air  pressure  from  the  acceleration 
.miter  valve  cau.ses  the  valve  to  bypass  more 
tuel.,  decreasing  the  rate  of  acceleration.  The 
solenoid  IS  energized  during  starting  (up  to  35 
percent  of  governed  engine  rpm)  and  when  the 
load  switch  IS  actuated,  causing  the  acceleration 
limiter  valve  to  close  and  bypass  no  fuel  This 
provides  the  increased  fuel  flow  required  at 
JmIT'^  ^'•t  engine  operation. 

FUEL  ATOMI  '2R  ASSEMBLY.^ The  fuel 
atomizer  assembly  is  a  dual  orifice  type  and  is 
mounted  on  the  combustion  chamber  cap 
assembly,  A  flow-divider  valve  directs  all  fuel  it 
low  pressure  to  the  small  orifice  which  provides 
proper  atomization  of  the  fue.  Junng  starting 
As  engine  rpm  increases  and  fuel  pressure 
•ncreases.  th  •  flow  divider  valve  actuates  to 
permit  combined  flow  to  both  orifices 

^TAT^"t^^■'''^'^'^^  CONTROL  THLRMO- 
MAI.  The  acceleration  contr-'  thermostat  is 
mounted  m  the  engine  tailpipe,  |t  consists  of  a 
spnng-loaded-closed.  hall  check  valve,  actuated 
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by  e.xhaust  gas  temperature  (EGT),  It  is  con- 
nected to  the  acceieratior.  lumicr  valve  by  a 
contro  air  line.  The  thermostat  acts  to  override 
contro  of  fuel  flow  by  dumping  all  the  conTrol 
aiT  pressure  from  the  acceleration  limiter  valve  if 
tGT  exceeds  a  specified  limit  during  accelera- 

UNLOADING  AIR  SHUTOFF  VALVE  -  The 

co"  sistnr'''  ''"^f/'  ^'"^'^^  ^^--bly 
consis    of  a  normally  closed  solenoid  valve  , 

pSrT^m^  ,f-^^h"tterny  valve,  and  two  d'.! 

air  that  is  bled  from  the  engine  in  relation  to 
tC.T.  If  too  much  air  is  being  bled  off  (over- 
loading), action  of  the  bleed-IoaH  control 
thermostat  allows  the  butterfly  valve  to  close 
■su»nc,ently  to  regulate  bleed-air  flow  withou 
causing  engine  shutdown  or  loss  of  engine  speed 

ST  T^T^^^^'?.  ^^^TROL  THERMO- 
-The  Dleed-load  control  thermostat  is 

corruct  '"  r"^"^  '^"P'P^-  has  the  .same 
construction  as  the  acceleration  control  thermo- 
stat and  ,s  connected  to  the  load  valve  by  a 

bleedtn"  '■"'^^"^'""^       ^""^^o'  the 

bleed-load  m  relation  to  EGT,  At  a  soecified 

temperature,  the  thermostat  valve^  ^p^^n^'  n 
bleeds  control  air  pressure  from  the  actuator 
d.aphragm  of  the  load  valve,.  This  reduc't  on  in 
modutr  rr        ^  thebutterfiyvalveto 

permissible  bleed-load  on  the  engine  and  pre- 
venting overioading,  ^ 

Lubrication 

The  lubrication  system  is  very  simple  but 
he  1,..  t  opera  es.  positive  feed  oil  pressure  for 

vsten    "V?  "'"'^      P^o^iJeJ'  The 

n  oirflu        '  V''''''  ^"'^  P^'H^P- 
cocJ        [ '  "'r'''^'"'  ^^^8"'^^°^-  a" 

orel.L  °'\'''':^-  '4-5  )  Oil  ^'"der 

pressure  is  r.upDlied  to  all  gears,  shafts  and 

beanngs.  After  the  oil  has  been  u.sed.  it  collects 
n  the  common  sump  between  the  compressor 
nd  turbine  a,s,semblies  and  i„  the  sump  of  tl"' 

accessory  section  and  is  then  returned  by  the 

scavenge  pump,  to  the  oil  tank. 

If  the  temperature  of  the  oil  is  such  that  it 

requires  cooling,  it  is  routed  through  the  oil 
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Figure  14-5.— Lubrication  system. 


cooler.  Cooling  is  accomplished  by  compressor 
inlet  air  flowing  around  the  tubes  of  the  oil 
cooler.  If  the  temperature  of  the  oil  is  not  great 
enough  to  require  cooling,  a  bypass  valve  in  the 
temperature  regulator  routes  the  oil  directly  to 
the  oil  tank*  where  it  is  again  pumped  through 
the  engine.  The  unit  is  provided  with  an  oil 
pressure  actuated  switch  which  prevents  starting 
of  the  engine  until  oil  pressure  builds  up 
sufficiently  to  close  the  switch.  Also,  if  oil 
pressure  is  lost  dunng  operation,  this  switch  will 
function  to  shut  down  the  engine.  Sometimes, 
the  oil  pump  will  require  priming  to  provide  oil 
pressure  at  time  of  starting. 


Electrical 

The  electrical  system  provides  the  means^for 
starting,  operating,  and  stopping  the  engine.  It  is 
a  2b±2  volt  d-c  system  which  may  be  operated 
from  a  battery  or  an  external  power  source,  such 
as  a  mobile  electric  powerplant. 

Jhi^  electrical  system  has  two  groups  of 
components  engine  mounted  and  enclosure 
mounted.  The  engine  group  is  the  same  for  all 
installations  but  the  enclosure  group  will  vary  as 
to  type  of  components  and  circuitry.  A  typical 
electrical  system  schematic  is  shown  in  figure 
14-6. 
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Figure  14-7.-Electrical  control  box.. 


AS.916 


e  a  or.  starter  centrifugal  switch  assembly  oil 
drain  .solenoid  valve,  fuel  solenoid  valve 
acceleration  stabilizer  solenoid  valve  and  I,e 
load  control  valve  soieno.d  valve. 

KLECTRK  AL  CONTROL  BOX  -Electric-.l 
control  of  the  engine  is  nunntained  thro  g  h 

reay.  ,gn,t,on  un.t.  and  the  start  counter  Th? 
starter  and  .gnition  holding  relay  and  the  fuel 
ho  cl.ng  relay,  when  energised,  provide  powe  to 
o  Is  for  :  to  th'eir  own 

n         ^'«h;"^"«'on  '-•urrent  to  the  igniter 
tnapter  I }  of  this  manual, 

IGNITION  SYSTEM.  The  gas  turbine  engine 
.gn  t.on  system  is  .ery  simple  in  constru"fion 

tZerTT  '■''^  -^y'^'^-'"  consists  of  he 

.gniter  (.spark  unit)  located  in  the  con,bustion 
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an'd  "the  iL^r'''°"  °'  'V^'^'"^"^*""  ignition  lead, 

ontrol  box  Th  ''''''''  '^'^^'rical 
control  box.  The  ig.„tion  unit  provides  the 
high-energy  voltage  .source.  This  is  a'ccomphshed 
by  a  step-up  transformer  which  charges  internal 

°en'dis-r"' '^^'^  ''^'-''^  ca^facitors  ar 
then  discharged  acro.ss  a  booster  coil  arranee- 

SrMte??h''''  "';^^^  appliedToThe 
f  e  t.hl  .  ^  ''"'^  '^''^'^  and  a  tlame 

js  established  ,n  the  combustion  chamber  the 
.gnition  system  is  deenergized  sine   bTrn  ng' 
constant   once   a   successful  start  h  s  Seen 
accomplished.  ^" 

NOTE:  The  voltage  to  the  igniter  is  daneer 

ca'L"''  K^"T  -Its)    ILr  o  e 

cau  ion  must  be  observed  when  maintenance  is 

SnThat";/''  ^y^'*^'-- Always  make 

certain  that  the  capacitors  are  fully  discharged 

compoLnts'^r 
dnvc  gear  section.  ,s  a  continuous-duty  unit 
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rated  at  1 2  amperes  and  28  volts.  Cooling  of  the 
generator  is  provided  by  air  drawn  through 
cooling  inlet  holes  in  the  generator  housing 
through  the  generator,  into  a  cooling  outlet 
tube,  and  into  the  turbine  exhaust.  Control  of 
the  generator  and  the  circuits  associated  with  it 
is  the  function  of  the  voltage  regulator  and 
reverse  current  ^lay.  These  units  and  a  noise 
filter  are  located  in  the  generator  control  panel. 
The  starter  unit  operates  on  a  24-  to  28-volt 
power  supply;  power  for  operation  of  the  starter 
may  be  provided  by  a  battery  or  may  be 
supplied  from  an  alternate  external  28-volt 
source.  The  starter  is  provided  with  a  friction 
and  inertia  type  clutch  mechanism  which  allows 
automatic  initial  engagement,  and  disengage- 
ment is  accomplished  when  the  speed  of  the 
accessory  drive  is  exceeded.  Starter  motor  cur- 
rent is  cut  off  at  35  percent  of  engine  speed. 


1.  Housing. 

2.  Centfifjgul  jwifch 
shoft. 

3.  Spring  sliding 
retoiner. 

4.  Compression  spring. 
5*  Push  rod. 

6.  Receptocle. 

7.  Access  plate. 

8.  Adjusting  screw* 

9.  Adjusting  screw. 

10.  Adjusting  screw. 

11.  Switch  cover. 


12.  Leaf  spring. 

13.  Switch  actuating 
lever. 

14.  Lever  actuator. 
15*  Governor 

flyweight. 

16.  Ball  beoring. 

17.  Fulcrum 
flyweights. 

18.  Over  speed 
.witch  bearing 
carrier. 

19.  Mounting  flange. 
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Figure  14-8.-Centrifugal  switch  assembly. 

CENTRIFUGAL  SWITCH  ASShMBLY.  The 
centrifugal  switch  tissemhiy  (fig.  14-8),  through 


the  operation  of  a  set  of  flyweights,  controls  the 
sequence  of  operation  of  the  electncal  system. 
As  the  tlyweiglits  are  caused  to  move  outward 
by  centrifugal  force,  three  switches  are  actuated 
by  an  actuating  lever.  The  first  to  operate  is  the 
35  percent  switch  which  deenergizes  the  starter 
and  ignition  holding  relay.  The  second  to 
operate  is  the  95  percent  switch  which  energizes 
the  ready-to-load  light,  load  switch  circuit,  and 
the  start  counter.  The  last  switch  to  operate  the 
1 1 0  percent  switch,  operates  at  from  1 05  to  1 1 0 
percent  and  is  a  safety  device  to  protect  the 
engine  from  overspeed.  When  this  switch 
operates,  the  fuel  holding  relay  is  deenergized 
and  the  engine  stops. 

The  principal  components  of  the  enclosure 
group  are  a  starter  relay,  generator  control 
panel,  and  an  engine  control  panel.  The  engine 
control  panel  provides  the  operating  controls 
and  instruments  for  monitoring  engine  operar 
tion. 

SYSTEM  OPERATION. -(Refer  to  fig.  14-6.) 
With  the  master  (stop-run)  switch  in  the  run 
position,  power  is  available  to  the  start  switch, 
through  the  load  switch  in  its  off  position,  the 
test  circuit  of  the  load  light,  the  contacts  of  the 
fuel  holding  relay,  and  the  contacts  of  the 
starter  and  ignition  holding  relay.  Depressing  the 
momentary  contact  start  switch  energizes  the 
coils  of  the  fuel  holding  and  the  starter  and 
ignition  holding  relays.  The  fuel  holding  relay 
energizes  the  oil  solenoid  drain  valve,  the  fuel 
side  of  the  oil  pressure  switch,  the  normally 
open  95  percent  switch,  and  its  own  coil.: 
Ground  for  the  fuel  holding  relay  coil  is  through 
the  normally  closed  110  percent  switch.  The 
starter  and  ignition  holding  relay  energizes  the 
starter  relay,  acceleration  stabilizer  solenoid, 
load  valve  solenoid,  ignition  side  of  the  oil 
pressure  switch,  and  its  own  coil.  Ground  for  the 
starter  and  ignition  holding  relay  is  through  the 
normally  closed  35  percent  switch.  The  starter 
relay  energizes  the  starter  motor  which  begins 
rotating  the  engine.  At  about  5,000  rpm,  rising 
oil  pressure  closes  the  oil  pressure  switch, 
energizing  the  fuel  solenoid  valve  and  the  igni- 
tion unit.  Combustion  is  initiated  and  the  engine 
begins  to  accelerate  under  the  combined  drives 
of  the  starter  and  combustion  until  approxi- 
mately 15,000  rpm  (35  percent)  is  reached.  At 
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this  time  the  35  percent  switch  opens  the 
ground  c,rcu,t  to  the  co.l  of  the  starter  and 
Ignition  holding  relay,  causing  it  to  open  This 
action  deenergizes  the  starter  relay,  ignition 
unit,  acceleration  stabilizer  solenoid,  and  the 
oad  va  ve  solenoid.  The  engine  continues  to 
accelerate  and  as  approximately  42  000  rom  f9S 
percent)  is  reached,  the  95  percent  switch  closes 
energizing  the  load  light  (indicating  that  a  load 
may  now  be  applied;,  start  counter,  anVT  the 
circuit  to  the  load  switch.  The  engine  is  loaded 
by  placing  the  load  switch  ,n  the  on  position. 
This  energizes  the  load  valve  solenoid  and  the 
ncceleralion  stabilizer  solenoid..  If  at  any  time 
Ije  -ngLie  speed  reaches  105  to  1 10  percent  the 

ci  I'f^n  "Ii  '""''^  T"'-  the  ground 

circuit  to  the  coil  of  the  fuel  holding  relay 
causing  ,t  to  open.  This  action  deenergLs  the 
fuel  solenoid  valve,  and  the  bleed-load  valve 
circuit  Fuel  now  to  the  engine  is  stopped,  the 
load  valve  close.s,  and  the  engine  is  shut  down 


OPERATION 

In  the  operation  of  any  gas  turbine  com- 
pressor unit  the  ASK  must  first  become  com- 
pletely familiar  with  the  proper  operating  pro- 
cedures.. No  one  .should  attempt  to  operate 
these  equipment.s  until  he  has  had  an  operational 
checkout    by    a    qualified    and  authorized 

operator.  The  actual'  operation  of  gas  turbine 
compressors  is  simple,  however,  they  are  power- 
ful pieces  of  equipment  and  must  be  treated 
accordingly.  The  following  .safety  precautions 
must  be  strictly  enforced  to  prevent  possible 
personnel  injury  or  equipment  destruction- 

1.  Before  .starting  and  during  operation,  keep 
the  area  around  the  compressor  air  inlet  clear  of 
personnel,  loose  gear.,  and  debris.,  Although  the 

urbine  engine  of  the  unit  i.s  small,  as  compared 

L'n,  '"''  f  "T''     consumes  great  quanti- 
ties ot  air  and  can  be  very  dangerous.. 

2.  The  e.xhanst  gas  from  thfs  equipment  is 
exactly  l.ke  that  of  the  engine  in  an  aircraft  " 
HU I  and  rxils  from  the  unit  at  a  terrific 
velocity.  Iherefore,  personnel  must  avoid  this 
area  and  make  sure  that  the  exhaust  is  not 


directed  onto  anything  which  the  heat  or  the 
velocity  of  these  gases  would  damage. 

3.  A  third  danger  which  lurks  hidden  in 
equipment  of  this  type  may  not  be  quite  as 
evident  as  the  two  previously  discussed.  This 
danger  is  in  the  area  of  the  plane-of-rotation  of 
the  high-speed  compressor  and  turbine  assem- 
blies. There  have  been  times  when  a  turbine 
blade  has  been  thrown  out  of  the  turbine  At  the 
speeds  which  the  turbine  turns,  the  blades 
become  like  rifle  bullets.  These  areas  are  marked 
clearly  w.th  red  painted  stripes.  Never  stand  in 
the  planes  so  marked.; 

4  Al  vays  wear  bound  attenuators  when 
working  on  or  near  this  equipment  while  it  is 
operating,  since  the  n--e  level  is  very  high  and 
will  cause  loss  of  hea.,,.g.  The  use  of  the  sound 
attenuato.^  cannot  be  overstressed..  Remember, 
the  high-frequency  component  of  the  noise 
generated  by  this  equipment  can  and  often  does 
cause  permanent  damage  to  the  auditory  system. 

Preoperational  Inspection 

The  Preoperational  Maintenance  Require- 
ments Cards  require  a  thorough  visual  inspection 
of  the  unit  and  it  should  be  remembered  that 
tnese  are  the  minimum  requirements  prior  to 

I  rt  '^"  '""^o""'  wiring,  tubing,  ducts, 
and  fittings  are  inspected  for  security  and 
mounting  Check  the  entire  unit  for  evidence  of 
fuel  or  oil  leakage;  If  leakage  is  detected  do  not 
attempt  a  start,  as  a  serious  fire  may  result 

The  compressor  intakes  and  the.4urbii,e-'ex- 
haust  ducts  must  be  inspected  for  foreign 
material  or  other  obstructions.  Check  for  the 
fZ^'/iu'",'^  °"  t^"'^;  ^«P'^"i^h  as 

secunty  of  fillercaps  and  connections 

All  instruments  must  be  checked  for  zero  or 
normal  indication  as  appropriate,  and  for  fogged 
or  broken  glass.  On  indicators  which  have 
range-marks,  check  for  the  marks  being  in  the 
correct  location.  The  bleed  air  connection  is 
checked  for  obstructions  and  the  bleed  airhose 
m  inspected  for  torn  shielding  and  for  hole.s;  the 
nose  clamps  are  also  checked  for  security  at  this 

The  battery  must  be  inspected  for  security  of 
the  clamp  assembly  and  terminals.  Connect  the 
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battery  and  check  for  a  mininuim  reading  of  24 
volts,  (Inspection  of  the  battery  electrolyte  and 
specific  gravity  is  a  special  inspection  performed 
at  7-day  intervals  )  A  fire  extniguisher  must 
always  be  available  if  the  unit  is  to  he  started.  In 
the  case  of  the  trailer-mounted  enclosure^  the 
fire  extmguisher  is  mounted  in  a  special 
mounting  and  must  be  included  in  Uie  pre- 
operational inspection.  The  fire  extinguisher  is 
checked  for  proper  mounting  and  for  security  of 
the  seal. 


Starting 

After  the  prelinunary  chocks  and  inspections 
have  been  completed,  the  following  steps  are 
performed:  (I)  manual  fuel  valve  OPEN:  (2) 
stop-run  switch  RUN,  and  (3)  bleed-load 
switch  OFF.  Then  momentarily  press  the  s<art 
switch  to  the  START  position. 

CAUTION:  If  difficulty  is  encountered  in 
starting,  do  not  exceed  the  duty  cycle  of  the 
starter  I  minute  ON,  4  minutes  OFF. 

When  starting  a  new  or  overhauled  unit,  cr  if 
the  oil  lines  have  been;  disconnected,  the  oil 
primer  button  must  he  pressed  as  the  unit  is 
started;  release  the  button  when  the  unit  lights 
off.  Normal  governed  speed  should  be  reached 
within  15  to  20  second??.  When  95  percent 
governed  speed  is  reached,  the  load  light  should 
glow  and  the  load  ff\ay  then  be  applied  if 
desired  by  placing  the  bleed-load  switch  in  the 
ON  position. 


Shutdown 

HME:RGhH<"V.  Stop  the  engine  immediately 
by  depressing  stop-run  switch  to  the  STOP 
position  if  any  of  the  lollowing  conditions  are 
observed. 

1 .  No  oil  pressure  within  H)  seconds  after  the 
start  circuit  is  energized. 

2.  If  the  turbine  discharge  temperature  ex- 
ceeds 677"  C  (1,250'  I*)  for  a  period  greater 
than  5  seconds,  or  if  the  temperature  exceeds 
649''  (  (1. 200''  I)  continuously  undei  any 
operating  condition. 


.3.  If  ignition  failure  occurs  (tlame-out),  to 
prevent  fuel  accumulation  in  the  turbine  section, 

NORMAL.  Th^  unit  requires  a  I -minute 
operating  period  under  no-load  prior  to  stopping 
in  order  to  allow  for  a  gradual  cooling  off.  After 
the  l-minute  coohng-off  period,  place  stop-run 
switch  in  the  STOP  position.  When  the  turbmc 
stops  turning,  turn  the  manual  fuel  shutoff  valve 
OFF,  The  unit  should  be  checked  visually  for 
any  discrepancies  and  fuel  and  oil  levels. 

If  any  discrepancies  exist ,^  take  the  necessary 
ste^s  to  have  them  corrected  so  the  unit  will  be 
ready  for  use  when  it  it  reeded  again.  Discon- 
nect and  Slow  the  air  hose,  etc.,  di^sconnect  the 
battery,  and  secure  the  access  panels, 

MAINTENANCE 

The  calendar  Maintenance  Requirements 
Cards  are  used  in  the  maintenance  of  all  the  gas 
turbine  compressors.  The  maintenance  as  out- 
lined on  these  cards  provides  the  minimum 
requirements  necessary  to  maintain  the  equip- 
ment, and  is  a  normal  function  of  the  Inter- 
mediate maintenance  activity.  The  cards  do  not 
contain  the  instructions  for  repair,  adjustment, 
or  means  of  rectifying  defective  equipment,  and 
local  conditions  may  require  modification  of  the 
inspections  as  to  depth  and  frequency. 

Because  field  level  maintenance  is  limited, 
most  of  tne  maintenance  which  will  be  per- 
formed on  these  units  can  be  expected  to  octur 
at  the  Intermediate  maintenance  level.  Major 
repairs  to  these  units  which  require  complete 
disassembly  and  the  use  of  specialized  shop 
testing  and  calibration  equipment  are  to  be 
performed  in  an  overhaul  activity  only. 

The  operating  (using)  organization  has  the 
responsibility  of  complying  with  the  Daily  and 
Preoperational  Mainten  ance  Requirements  Cards. 
'Ihese  cards  contain  minimum  requirements  that 
must  be  met  before  the  unit  can  be  used.. 


Troubleshooting 

At  the  intermediate  maintenance  level,  the 
ASF,  may  expect  to  be  a  part  of  a  trouble- 
shooting/maintenance   crew.    This   crew  will 
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A«sM»  w    '    ''''  ""^""Ss  (ASH.  ASH. 

ASM)  When  a  nialftmlfion.ng  unit  ,s  received 
rouhk^lmot.ng  crew  is  assigned  to  locate  the 
rouble,  make  the  necessary  repairs,  and  return 

fh<-  equipment  to  an  op -rational  status 

Iieir  probable  causes,  and  an  appropriate 
cn,edy,s  provided  in  the  -nanUe.iance  sJc",;'; 
ot  he  Maintenance  Instructions  Manual.  Table 
N-l  presents  a  section  of  the  type  trouble- 
sliootmg  information  that  is  found  in  the 
nianual  and  -s  used  in  conjunction  with  the  gas 
turbine  engine  analyzer.  These  tables  do  no 
awer  a  l  ot  the  possible  malfunctions  l  u 
sl.ould  be  used  as  a  guide  when  performing 
(.oricciive  maintenance. 

Vl-nn/"'''"  -  appropriate  portion  of  the 
Maintenance  Instructions  Manual  is  referenced 
when  specific  step-by-step  instructions  are  to  be 

^inty  in  the  taolc. 

Maintenance  as  set   forth  m  the  Calendar 
Maintenance  Requirements  Curds  is  to  be  ner- 

act'lS  't.'"  '"•^■'"'"^^^'^''^  '^vel  maintenance 
activity.  The  reason  of  course  is  that  this 
ecunpment  is  a  precision  unit  that  required 
special  tools  and  testing  devices  which  are  not 
available  at  the  lower  lovels  of  maintenance  The 
areas  where  the  work  is  performed  have  special 

Zt'r"n""'  '''''  P-ver  avail' 

ability.  I  he  determining  facto,  which  governs 
I'e  intervals  between  maintenance  performed  is 
the  number  ot  engine  starts. 

At  time  of  engine  replacement.,  the  crew  will 

Iri-        'V''  --"-typeol 
n  (a!,  when  hoisting  the  unit  out  of  its 
enclosure.,  placing  it  in  a  shipping  container,  and 
"istalling  a  new  unit  in  the  endosure  There  is 
"o  specific  hoisting  device  included  in  the 
instructions  given  in  (he  maintenance  require- 
ments cards;  therefore,  the  crew  leader  wHl 
normally  assume  the  responsibility  for  selecting 
a  type  of  hoisting  device  that  will  allow  this 
operation   to   be   performed   with  maximum 
satcty.  Removal  and  installation  of  the.:e  units 
(leniaiid  an  alert  crew,:  each  step  of  the  removal 
or  mstallation  procedure  must  be  performed  in 
Mnu  accordance  with  the  instructions  provided 
llie  appropriate-  manual  or  as  outlined  in  the 


niamtenau-e  requirements  cards  for  the  type 
unit  being  maintained. 

The  special  lifting  adapter,  which  is  supplied 

■  bstitute.  These  adapters  are  made  for  use  with 
tiK>  specific  unit,  and  substitution  could  cause- 
nnba  ance  during  hoisting,  or  may  be  the  cause 
or  the  unit  to  be  dropped,  with  possible  injury 
to  a  crewmember.  or  damage  to  the  unit 


General  Cleaning  Procedures 


HIcctrical  parts  may  be  cleaned  witli  a  soft 
clod,  dampened  in  solvent  of  the  typ.  specified 
oMy.  When  using  a  solvent  the  technician  must 
be  sure  to  Keep  the  area  well  ventilated  clear  of 
any  source  of  ignition,  and  avoid  breathing  the 
nnies.  A  clean,  dry.  soft-br.stle  bru.sh  may  also 
he  used.  Metal  parts  and  tube  assemblies  may  be 
cleaned  by  dipping  the  part  in  solvent  when 
required,  then  drying  thoroughly  with  clean 
compressed  air.  Air,  fuel,  or  oil  pas,sages  in 
removed  components  may  be  blown  clean  with 
compressed  air.  but  care  must  be  exercised  to 
direct   the  airblast  away  from  personnel  and 
equipment. 

Electrical  Repair  and  Adjustment 

The  items  for  which  the  ASE  is  basically 
responsible  are  the  electrical  components  which 
provide  the  control  of  the  unit.  The  mainte- 
nance responsibility  for  which  he  is  specifically 
cliarged  is  the  replacement  of  the  major  elec- 
trical components  such  as  the  starter,  generator 
Ignition  assembly  parts,  etc.  After  any  majo^ 
part  has  been  replaced,  or  if  the  component  was 
removed,  repaired,  and  replac^,  the  unit  must 
be  subjected  to  a  performance  check.  During  the 
periormance   testing  procedure,  some  adjust- 
nients  may  be  necessary  to  cause  the  unit  to 
function  properiy.  Because  of  the  nature  of  the 
equipment  there  are  few  adjustments  which  may 
be  made  without  the  use  of  .special  calibration 
equipment.  Some  minor  adjustments  are  allowed 
to  be  made,  but  normally  the  gas  turbine  engine 
analy/er  is  required  to  perform  the  calibration 
adjustments  correctly. 

The  gas  turbine  engine  analy/.er  was  described 
and  discussed  in  chapter  ')  of  this  manual.  Since 
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Table  14-1.  Troubleshooting  information 


Trouble 

Probable  cause 

Remedy 

No  response  from  starter 
when  start  switch  is  - 
pressed. 

No  lights  on.  IGN  TEST 
inoperative. 

External  power  supply 
defective. 

Check  voltage  across  battery 
terminals  or  from  either 
BENCH  jack  or  aniayzer  to 

Minimum  14  volts  required. 
Check  external  power  circuit 
and  circuit  breakers;  repair 
or  replace  as  required. 

Stop  switch  open. 

Check  for  voltage  between 
power  source  and  pin  A  of 
external  electrical  connector. 
If  no  voltage,  repair  or  re- 
place stop  switch. 

No  lights  on  JGN  TEST 
operative. 

Bleed-load  switch  on. 

Check  load  switch  position. 

Start  switch  or  bleed-load 
switch  failure. 

Check  for  voltage  between  start 
switch  poles  to  ground.  If  no 
voltage,  replace  bleed-load 
switch;  if  voltage,  replace 
start  switch. 

STARTER  light  off. 

Starting  and  ignition  holding 
relay  defective. 

Check  relay  for  continuity. 
Replace  if  required. 

RELAY  light  on. 

Centrifugal  switch  35 
percent  switch  open. 

Replace  centrifugal  switch 
assembly  (paragraph  4-79). 

NOTK:  The  gas  turbine  engine  analyzer  is  to  be  used  with  table  14-1 . 
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the  operation  of  this  test  equipment  is  quite 
complex,  unci  requires  udherence  to  a  speciric 
step-by-step  procedure,  nO  attempt  is  made  to 
discuss  the  calibration  adjustments  requiring  the 
use  of  the  analyzer.  Some  of  the  repairs  and 
adjustments  which  may  be  made  without  the  use 
ot  the  analyzer  are  described  briefly  in  the 
following  paragraphs.  ^ 

CAUTION:  Adjustments  on  all  equipment 
<^hould  be  made  step-by-step  according  to  the 
technical  publications  for  the  specific  type  and 
model  of  equipment  as  many  adjustments  are 
critical  and  if  not  properly  made  will  endanger 
the  lives  of  personnel  and  cause  damage  to  the 
equipment. 

GENERATOR  ADJUSTMENT.  The  gen- 
erator may  be  adjusted  for  proper  output  and 
for  end  play.  End  play  adjustment  requires  a 
special  measuring  gage  and  installation 'or  re- 
moval of  shims  (washers)  at  the  end  of  the 
armature  shaft  to  obtain  the  proper  end  play. 
Generator  output  is  adjusted  on  the  engine  while 
at  a  no-load  governed  speed.  Also,  if  the 
generator  brushes  have  been  replaced,  a  period 
of  run-in  time  is  usually  required  to  seat  the 
brushes.  The  adjustment  of  the  generator  output 
IS  made  through  the  generator  control  panel. 
The  output  should  fall  withm'tN^e  range  of  28  to 
28.8  volts,  and  charging  current  i)ulicated  on  the 
meter  should  be  5  amperes. 

GENERATOR  CONTROL  PANEL  ADJUST- 
MENT.  With  the  unit  running  and  voltage 
regulator  at  operating  temperature  the  output 
voltage  should  be  28.4  ±  .4  volts.  If  voltage  is 
out  of  tolerance  the  generator  control  panel 
must  be  adjusted  Procedures  for  adjusting  the 
generator  control  panel  should  be  observed  as 
follows. 

Stop  engine.  Remove  cover  from  generator 
control  panel.  Connect  negative  lead  of  a  volt- 
meter to  ground,  and  the  positive  lead  to  the 
terminal  or  reverse  current  relay  marked  GEN. 

Start  engine.  When  the  voltage  regulator  has 
come  up  to  operating  temperature  and  the 
voltage  has  stabilized,  adjustment  is  made 
through  hole  in  top  of  generator  control  panel. 
If  adjustment  cannot  be  made,^  shut  the  engine 
down,  and  first  check  for  loose  or  broken  wires. 
The  next  step  is  to  make  continuity  and 
resistance  checks  of  the  genenitor.  These  are 


made  at  the  connector  plug  connng  from  the 
generator.  This  plug  is  illustrated  in  figure  14-6, 
The  first  reading  is  made  across  pins  C  and  D; 
the  reading  should  be  approximately  2.8  ohms' 
A  higher  resistance  indicates  internal  wire  fail- 
ure. If  normal  resistance  is  obtained,  move  the 
meter  leads  to  read  across  D  to  K:  resistance  here 
should  be  5  to  7  ohms.  The  next  check  is  across 
pins  C  to  E:  a  resistance  of  I  ohm  should  be 
indicated.  A  high  resistance  here  indicates  a  bad 
commutator  or  brushes. 

If  during  the  time  the  engine  is  running,  the 
voltmeter  reads  28  volts  and  the  ammeter  reads 
0  amperes,  the  ammeter  portion  of  the  meter 
has  failed.  If  the  voltmeter  reads  less  than  15 
volts  or  does  not  indicate  at  all,  the  meter 
movement  has  failed.  There  are  other  tests 
which  may  be  made  on  the  generator:  however, 
generators  and  their  maintenance  m  general  were 
discussed  in  previous  chapters. 

CENTRIFUGAL  SWITCH  ADJUSTMENT.- 
The  centrifugal  switch  is  adjusted  as  follows: 
(refer  to  fig,  14-8  for  jhis  adjustment  )  Remove 
the  access  plate  (item  7)  and  adjust  the  appro- 
priate screw.  The  3.S  percent  switch  setting  is 
altered  by  adjustment  of  item  10,  and  the  95 
peicent  switch  setting  is  altered  hy  adjusting 
screw  9.  If  an  adjustment  has  been  made  to 
either  the  35  percent  or  the  95  percent  switches, 
the  overspeed  switch  (item  8)  will  now  require 
adjustment.  The  engine  will  shut  down  at  a 
no4oad  governed  speed  of  approximately  100 
percent  if  either  the  35  percent  or  the  95 
percent  switch  settings  have  been  reduced.  To 
compensate  for  this.-  turn  the  overspeed  switch 
adjusting  screw  clockwi.se  to  increase  the  over- 
speed  .switch  setting   For  the  reverse  situation 
adiust  screw  8  counterclockwi.se  to  decrea.se  the 
overspeed  switch  setting. 

All  repair,  replacement,  and  cleaning  opera- 
tions must  be  performed  in  accordance  with 
current  approved  .standards.  Parts  such  as 
plumbing  lines,  electrical  wiring,  and  connectors 
are  to  be  replaced  with  an  identical  new  part. 
Pviov  to  disconnection  of  any  cable,  line,  or 
othtT  part,  tags  should  be  installed  for  identifi- 
er..on  at  final  assembly.  When  parts  are  in- 
stalled, all  nuts  and/or  bolts  are  to  be  tightened 
according  to  standard  torque  values  unless  other- 
wise specified. 
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CHAPTER  15 


AIR-CONDITIONING  SYSTEMS 


Mobile  air  conditioners  are  primarily  designed 
to  remove  the  heat  produced  by  operating 
electronic  equipment  and  to  reduce  the 
humidity  within  electronic  equipment  spaces 
while  the  aircraft  is  undergoing  maintenance, 
thereby  limiting  the  ambient  (encompassing) 
temperature  and  humidity  within  the  aircraft  to 
the  level  specified  for  the  equipment. 

Air  conditioning  encompasses  more  than  the 
transfer  of  heat  from  one  place  to  another 
-Althougli  it  is  usually  thought  of  as  a  lowering 
of  temperature,  air  can  be  conditioned  by 
cooling,  heating,  filtering,  or  dehumidifying 
Modern  mobile  air  conditioners  are  designed  to 
accomplish  all  these  to  condition  air  fo-  '.-c- 
tronic  equipment  spaces  within  naval  aircraii. 

Mobile  air  conditioners  are  referred  to  as 
mechanical  refrigeration  systems  because 
mechanical  means  are  used  to  circulate  a  refrig- 
erant through  a  closed  system  to  accomplish 
heat  transfer. 

Basically,  the  purpose  of  all  refrigeration 
systems  is  heat  transfer.  To  understand  the  basic 
pnnciples  of  refrigeration,  a  definite  under- 
standing of  the  relationship  of  heat,  tempera- 
ture, and  pressure  is  mandatory. 


TERMINOLOGY 

In  the  study  of  refrigeration  and  air  condi- 
tiomng.  It  is  essential  that  the  meamng  of  certain 
terms,  as  they  are  applied  to  refrigeration  and  air 
conditioning,  be  understood.  The  terms  listed 
and  defined  here  apply  to  any  refrigeration  or 
air-conditioning  system  of  the  mechanical  type 
I.  BRITISH  THERMAL  UNIT  (Btu).  The 
amount  of  heat  required  to  produce  a  tempera- 
ture change  of  1°  F  in  I  pound  of  water  at  sea 
level  pres,sure. 


2.  CHANGE  OF  STATE.  The  change  of  any 
matter  from  one  state  (solid,  liquid,  or  vapor)  to 
another. 

3.  COMPRESSION,  The  act  of  incre  •  ing 
the  pressure  and  temperature  of  a  substance  by 
decreasing  its  volume. 

4.  CONDENSATION.  The  process  by  which 
a  vapor  changes  state  to  a  liquid  when  heat  is 
removed  from  the  vapor,  or  when  pressure  is 
increased  on  the  vapor. 

5.  CONDUCTION.,  Heat  transfer  from  mole- 
cule to  molecule  within  a  substance  or  between 
two  substances  that  are  in  physical  contact  with 
each  other. 

6..  CONVECTION.  Heat  transfer  through 
some  easily  circulated  medium  (usually  liquid  or 
vapor).  As  the  medium  moves,  it  carries  with  it 
its  contained  heat  energy,  which  is  then  trans- 
ferred to  the  surroundings. 

7.  CYCLE.,  The  complete  course  of  opera- 
tion of  a  refrigerant,  from  starting  point  back  to 
starting  point,  in  a  closed  refrigeration  system 

8.  DEHUMIDIFY.:  To  reduce  the  quantity 
of  water  vapor  in  a  given  space. 

9.  EVAPORATION.  The  process  by  which  a 
liquid  changes  state  to  a  vapor  when  heat  is 
added  to  the  liquid,  or  when  pressure  is  de- 
creased on  the  liquid. 

10.  HEAT.  A  basic  form  of  energy  which  is 
transferred  by  virtue  of  a  temperature  differ- 
ence.. Heat  always  flows  from  a  hot  object  to  a 
cold  object,  and  the  greater  the  temperature 
difference,  the  faster  the  flow.  Heat  cannot  be 
manufactured  or  destroyed-only  transferred. 

11.  HEAT  OF  CONDENSATION.  The  latent 
heat  given  up  by  a  .substance  as  it  changes  state 
from  a  vapor  to  a  liquid. 

12.  HEAT  OF  FUSION..  The  latent  heat 
absorbed  as  a  substance  changes  state  from  a 
solid  to  a  liquid. 
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13,  HEAT  OF  VAPORIZATION  The  latent 
heat  absorbed  by  a  substance  as  it  changes  state 
Trom  a  liquid  to  a  \.  >or. 

14,  L,ATHNT  HEAT,  Heat  applied  to,  or 
removed  from,  a  substance  which  causes  a 
change  in  the  physical  state  of  the  sutistance, 
but  not  in  its  temperature 

15.  LOAD.  The  amount  of  heat  miposed 
upon  a  refrigeration  system  in  a  specified 
amount  of  time,  or  the  required  rate  of  heat 
transfer,  expressed  in  Btu  per  hour, 

16.  PRESSURE,  Force  per  unit  area, 
measured  in  pounds  per  square  inch;  pressure  is 
directly  proportional  to  temperature.. 

I  7,  REFRIGERATION  TON.  The  transfer  of 
heat  at  a  rate  of  288,000  Btu  in  M  hours 
(12,000  Btu  m  I  hour), 

18.  SENSIBLE  HEAT,  Heat  applied  to,  or 
removed  from,  a  substance  which  causes  a 
change  in  the  temperature  of  the  substance,  but 
not  in  its  state, 

19.  SUPERHEAT,  Heat  added  to  a  vapor 
above  the  boiling  point  of  the  liquid  which 
produced  the  vapor.  The  vapor  and  the  liquid 
must  be  separated  before  the  vapor  can  be 
superheated. 

20.  TEMPERATURE.  A  measure  of  the  heat 
mtensity  or  concentration  of  heat  (thermal 
energy)  in  a  body  or  substance,  measured  in 
degrees, 

2  I  VACUUM,  Any  pressure  less  than 
atmospheric  pressure.; 

22,  VAPOR.  Gaseous  form  of  any  substance. 
Vapor  condenses  very  readily  to  a  liquid  state 
under  small  changes  of  temperature  or  pressure, 
or  both.  It  may  be  said  to  be  very  close  to  the 
liquid  state,  althougli  it  is  a  vapor. 


RtFRIGERANTS 

A  refrigerant  is  a  substance  that  can  easily  be 
changed  from  a  liquid  state  to  a  vapor  state. 
Ideally,  it  is  a  substance  having  a  low  boiling 
point  and  the  capability  to  absorb  and  carry 
heat  at  a  low  temperature,  and  to  transfer  this 
heal  to  a  cooling  medium,  either  air  or  water,  as 
it  condenses. 

Most  refrigerants  in  use  today  require  com- 
paratively low  pressures  in  the  system;  thus 


equipment  does  not  require  heavy  construction, 
and  leaking  tendencies  are  reduced  to  a 
minimum. 

In  order  lo  prevent  confusion  and  to  provide 
for  standardization  among  users,  all  refrigerants 
are  assigned  numbers  rather  than  trade- names, 
and  are  referred  to  as  refrigerant  12,  refngerant 
22,  etc. 

The  two  most  commonly  used  by  the  Navy, 
refrigerant  12  and  refngerant  22,  will  be  dis- 
cussed in  this  manual, 

REFRIGERANT  12 

Research  for  the  perfect  refrigerant  resulted 
in  R-12;  it  approaches  that  ideal  more  than  any 
other  so  far  di.scovered.^  its  chemical  name  and 
symbol,  dichlordifluromethane  (CChF-)),  indi- 
cate that  R-12  contains  one  part  carbon,  two 
parts  chlorine,  and  two  part  fluorine. 

At  atmospheric  pressure,  R-12  boils  at 
-12,66''  F,  and  its  latent  heat  of  vaporization  at 
atmospheric  pressure  is  about  72  Btu  per  pound; 
that  is,  as  R-12  changes  state  to  a  vapor  at 
atmospheric  pressure,  it  absorbs  72  Btu  per 
pound. 

Some  of  the  advantages  of  R-l  2  are:; 

1.  It   is  nonflammable,  nonexplosive,  and 
noncorrosive, 

2.  Its  vapor  is  nontoxic, 

3.  At  the  low  pressure  point  of  its  cycle,  it 
operates  at  pressures  slightly  above  atmospheric 
pressure,  thus  minimizing  the  possibility  of  air 
entering  the  system. 

4.,  At  the  high  pressure  point  of  its  cycle, 
pressure  is  comparatively  low,  allowing  the  use 
of  lightweight  equipment. 

REFRIGERANT  22 

R-22,  like  R-12,  is  a  member  of  the  fluori- 
nated  hydrocarbon  family.  Its  chemical  name 
and  symbol,  monochlorodifluoromethane, 
(CHCIF2),  indicate  that  R-22  contains  one  part 
carbon, ''one  part  hydrogen,  one  part  chlorine, 
and  two  parts  fluorine. 

At  atmospheric  pressure  R-22  boils  at  -4r  F, 
and  its  latent  heat  of  vaporization  is  about  92 
Btu  per  pound.  This  capability  to  absorb  great 
amounts  of  heat,  combined  with  its  low  boiling 
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XPANSION  VALVE 
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Figure  15-1.-Fundamental  refrigf/ration  cycle. 
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point,  nuikes  R-:2  a  very  good  rcfrigcruiu  for  use 
HI  syst-ms  of  lugli  capacity  and  very  low 
tw^mperatures,  such  as  refrigerators,  free/ers.  and 
modern  compact  air  conditioners. 

R-22  requires  higher  pressures  in  its  cycle 
Mian  R-12  and.  consequently,  slightly  heavier 
construction  of  system  components.  With  this 
exception,  all  of  the  advantages  associated  with 
R-l.''  also  apply  to  R-22. 

One  inherent  disadvantage  which  .s  shared  hy 
both  ot;^  these  refrigerants  is  the  capacity  to 
absorb  water,  making  the  use  of  chemical  di,ers 
mandatory  to  prevent  freezeups  of  the  e^- 
pansion  valves. 


REFRIGERATION  CYCLE 

The  refrigeration  cycle  is  divided  into  two 
pressure  sections,  the  high  pressure  side  and  the 
low  pressure  side.  The  dividing  hnes  between 
these  two  pressure  areas  are  the  compressor  and 
the  thermal-expansion  valve.,  as  shown  in  figure 
15-1. 

As  the  lefrigerant  Hows  through  the  system. 
It  assumes  four  different  and  distinct  states. 

1.  Low-pressure  vapor. 

2.  High-pres.sure  vapor. 

3.  High-pressure  liquid. 

4.  Low-pre.ssure  liquid. 

As  shown  in  figure  1,5-1,.  the  high  side  starts  as 
the  pLstons  in  the  compressor  compress  the 
vapor  and  force  it  out  through  the  compressor 
discharge  valves.  As  the  pressure  of  the  vapor  is 
increased.,  its  temperature  is  also  increased, 
thereby  becoming  superheated  vapor. 

When  the  hot.  Iiigh-pressure  vapor  leaves  the 
compressor.,  it  (lows  directly  to  the  condenser 
coil. 

The  not  vapors  from  the  compressor  enter  the 
condenser  at  the  top.  Cooling  air  is  circulated 
over  the  condenser  coil  by  the  condenser  Hn.  As 
the  refrigerant  cools,  giving  up  the  latent  eat  of 
conden.sation  to  the  condenser  tuoes  where  it  is 
transferred  to  the  cooling  air  by  conduction,  it 
changes  state  mto  a  liquid  and  drains  through  an 


outlet  fitting  in  the  bottom  of  the  condenser.  As 
the  liquid  passes  through  the  bottom  set  of 
■lubes,  its  tempeiature  is  lowered  below  the 
condensing  temperature.  This  is  known  as  sub- 
cooline.  Subcooling  of  trie  refrigerant  increases 
the  ca'  ity  ot  the  unit  by  allowing  the  refrig- 
erant tt,  absorb  a  greater  amount  of  heat  before 
reaching  the  point  of  vaporization. 

From  the  condenser  coil,  the  high-pressure 
liquid  refrigerant  flows  to  the  liquid  receiver,, 
which  acts  as  a  reservoir  for  the  liquid  re- 
frigerant and  forms  v  liquid  seal  on  the  liquid 
Ime  to  prevent  backtlcw  when  the  unit  is  shut 
down. 

After  leaving  the  receiver,  tlie  higli-pressure 
liquid  refr.gerant  tlovs  to  the  thermal  expansion 
valve.  As  the  refrigerant  is  metered  and  passes 
through  the  thermal  expan.sion  valve,  it  undei- 
goes  a  change  in  pressure,  becoming  a  low-pres- 
sure liquid.  This  is  the  beginning  of  the  low-pres- 
•sure  side  of  the  system.  As  pressure  on  the 
refrigerant  is  decreased,  its  boiling  point  is 
correspondingly  decreased. 

The    low-pressure   liquid    then   enters  the 
evaporator  coil.  At  the  evaporator  coil,  heat  is 
transferred  by  conduction  from  the  air  to  be 
conditioned  to  the  coiis  of  the  evaporator  and 
then    to    the    liquid    refrigerant    within  the 
evaporator,  thus  beginning  a  change  of  state  of 
the  liquid  refrigerant  into  a  vapor.  The  heat 
absorbed  by  the  refrigerant  within  the  evapora- 
tor is  known  as  the  latent  heat  of  vaporization. 
I  he  refr.gerant  is  now  a  mixture  of  liquid  and 
vapor  and  continties  through  the  evaporator 
absorbing  more  heat,  and  changing  all  the  liquid 
to  vapor.  The  change  of  state  is  now  complete 
and  the  vapor  will  be  superlieati.-d  as  it  passes  on 
through  the  evaporator^-  " 

After  leaving  the  evaporator,  the  low-pressure, 
superheated  vaporis  returned  to  the  suction  side 
ot  the  compres.sor'j  completing  the  cycle. 

This  cycle  is  ixj  ..-ated  as  long  as  the  com- 
pressor is  operating:  As  can  be  seen  from  che 
description  just  given,  tlie  basic"  refrigeration  or 
air  conditioning  cycle  is  coinpre.ssion.con- 
densation,  expansion,  and  evaporation.  The  flow 
in  a  basic  system  is  from  the  compressor  ' 
fliiough  the  condenser  coil,  to  the  receiver." 
through  the  expansion  valve,  through  the 
evaporator  coil,  and  back  to  the  compressor. 
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C  oniprcssor 

Compressors  used  n?  ieln..er.itK,n  .ikI  .ir 
eondrtion.ng  units  have  in.t  one  pu.pose  to 
w.tlulr.w  tl,e  l,eat-lacien  retr.gen.nt  v,.por  from 
ilK"  e\apor..tor  and  compress  tlie  v^por  to  sucli 
extent  that  it  will..  In  .oolum  only  a  few 
degrees.,  hquitv  m  the  condenser   i  he  design  of 
he  ujmpressor  depends  t.pon  the  application 
'"Hi  type  ot  refrigerant  used  m  the  system  tiktc 
'Te    three    types   of  compressors,  classitied 
'tecording   lo    their   pimciple  of  operation 
reciprocating,  rotarv ..  and  centrifugal,  (.See  tm 

p'- '  r 

\  Tlie-  function  ot  the  compressor  is  the  sanv 
■or  all  three  types,  hut  the  inechamcal  means 
used  to  accomplish  this  function  ciitfer  con- 
siderably. The  only  lyp,.  di.scussed  ,n  this 
manual  is  the  reciprocating,  since  this  is  the  type 
used  on  the  mobile  air  condi<  ^ers  the  ASb  is 
required  to  troubleshoot  and  n.  tain. 

Reciprocating  compressors  used  in  air  con- 
ditioning and  refrigerafion  are  designated  as 
either  open.,  semihermenc.  or  hermetic. 

The  open  type  of  compressor  (fig.  |  S-3)  ,s 
dnyen  from  an  external  power  source  through 
V    belts,,  gears.,  or  a  ilexible  coupling.,  and  is 
used  on  mobile  air  conditioners  which  are 
powered  by  a  gasoline  or  diesel  gme. 

The  semihermetic  type  comp.  .ssor  (fig  15-4) 
IS  a  motor-compressor  combination  enclosed 
within  a  common  housing.  It  is  provided  with 
access  plates  and  can  be  ser-iced  in  the  field  if 
necessary.  It  ,s  capable  of  maintaining  a  larger 
volume  of  refrigerant  How  than  an  open  type  of 
the  same  size  because  it  and  its  electric  driving 
motor  operate  on  a  common  shaft  and  at  the 
same  speed.  This  ty,7s^onipressor.  n,  multi- 
cylirider  versions  (4  or  fi^N^ed  on  mobile  aii 
conditioners  that  are  electricall>nowered 

The  hermetic  type  compressor  (fit;.  |s-5)  \^ 
ir.otor-coripre.s.sor  combination  encasiu  wiihm  a 
gastight..  welded  casing  th,i  cannot  be  opened 
tor  senicing  except  in  refriger.ition  component 
overhaul  shops.  Ihis  type  is  used  on  letrigera- 
tors  (ree/ers.  window  air  conditioners,,  oi  anv 
small  unit 
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Figure  15-2.-Compressor  types. 
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Figure  15-3.-Rectprocaiing  open  compressor. 

The  operation  'of  all  reciprocating  com- 
pressors is  basically  the  same.  Ilie  piston  is 
actuated  by  a  connecting  rod  attached  to  a 
crankshaft  which  is  turned  by  the  driving  force. 
As  the  piston  moves  down  toward  its  lowest 
position,  a*  low-pressure  area  is  formed  within 
the  cylinder.  As  indicated  in  figure  l5-(i  (A)vthe' 
suction  (intake)  valve  opens  when  the  pressure 
within  the  cylinder  becomes  less  than  the 
pressure  in  the  suction  hne  leading  to  the 
cylinder.  When  the  intake  valve  opens,  the 
cylinder  is  filled  with  low-piossure  refrigerant 
vapor. 

As  the  piston  moves  upward,  (fig.  15-6  (B)), 
the  intake  valve  closes  when  the  pressure  within 
the  cylinder  becomes  greater  than  the  pressure 
in  the  suction  IJne.  As  the  piston  continues  its 
upward  travi*l/the  discharge  va^ve  opens  when 
pressure  within  the  cylinder  becomes  greater 
than  the  pressure  in  the  discharge  line,  and  the 
compressed  refrigc-ant  vapor  is  discharged  to  the 
high-pressure  side  of  the  system. 


Reciprocating  conipiessors  are  lubricated 
either  by  pressure  Irom  an  oil  pump  or  by  splash 
as  the  cranKhaft  turns  in  the  oil  in  the 
crankcase  of  thc^  compressor. 

C  undenser 

The^  purpose  of  the  condenser  in  a  refrig- 
eration system  (fig.  15-1)  is  to  convert  the  hot 
refrigerant  vapor  from  the  compressor  into  a 
liquid  state,  making  it  ready  for  use  again  in  the 
evaporator.  The  condenser  accomplishes  this  by 
removing  heat  from  the  hot  vapor,>  .  ising  it  to 
condense  at  the  pressure  existing  in  ^  hitdi^ 
pressure  side  of  the  system. 

There  are  two  general  types  of  condensers, 
the  air-cooled  and  the  water-cooled. 

The  air-cooled  condenser  (llg.  15-7)  utili/csa 
How  of  ambient  (surrounding)  air  tiirough  the 
coils  ol  the  condenser  to  provide  a  cooling 
effect.  Maximum  condenser  surface  is  obtained 
by  closely  spaced  fins  on  the  coils.  The  coil  and 
fin  arrangement  is  Mniilar  to  that  of  an  auto- 
mobile radiator. 
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Figure  15-4-R^iciprocating  semihermetic  compressor. 
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Figure  15-5.-Reciprocating  hermetic 


compressor 
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M.iintciKmce  of  air-cooled  condensers  used  on 
mobile  ;iir  conditioners  is  rel.itively  minor  con- 
sisting ot  keeping  the  coil  and  fins  free  of  dust 
diul  dirt,  rius  slH)iild  ix-  done  with  cire  so  as  not 
to  Ivnd  or  d.iniage'  the'  coil  and  fins. 
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The'  receiver  dig.  I5-|)  ,s  installed  to  collect 
the  iHiiiid  refrigerant  as  it  leaves  the  condenser. 
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Figure  15-6. -Operating  cycle  of  a  reciprocating  compressor. 
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Figure  157.-Construction  detail  of  air-cooled  condenser. 
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It  serves  as  a  reservoir  for  the  refrigerant  and 
maintains  a  liquid  seal  on  the  liquid  line  to  the 
expansion  valve. 

Receivers  (f.g.  15-8)  are  designed  to  be  large 
enough  to  hold  the  complete  charge  of  refrig- 
erant required  for  the  unit  to  operate.  They  are 
equipped  with  shutoff  valves  on  the  inlet  and 
outlet  bnes  to  permit  maintenance  personnel 
o  pump  the  unit  down  (entrap  all  refrigerant  in 
he  receiver)  when  work  is  being  done  on 
another  component  of  the  system.  With  the 
shutoff  valves  clo.sed.,  no  loss  of  refrigerant 
occurs.  "SCI  dill 

Some  receivers  are  equipped  with  liquid  sight 
glasses  to  show  liquid  level  during  operation 
I  he  receiver  is  normally  about  1/3  full  dunng 
operation.  uu-uib 

Expansion  Valve 

The  function  of  the  expansion  valve  (fig 
15-1).  also  referred  to  as  a  metering  device  is  to 
change  the  high-pressure  liquid  into  a  low-pres- 
sure liquid  as  it  enters  the  evaporator,  and  to 
regulate  the  flow  of  liquid  refrigerant  into  the 
evaporator  to  insure  the  correct  quantity  of 
refngerant  flow  to  keep  the  evaporator 
operating  at  maximum  efficiency  without  over- 
loading the  compressor.  The  action  of  the  valve 
IS  similar  to  a  spray  nozzle  in  that  the  liquid 
refrigerant  enters  the  evaporator  as  a  mist  or 
spray,. 

Many  different  types  of  metering  devices  are 
in  use  in  air  conditioning  systems  today.  The 
basic  types  are  automatic  expansion  valves 
thermostatic  expansion  valves,  and  capillary' 
tubes.  Regardless  of  the  complexity  of  design  of 
any  particular  device,  the  principle  involved  is 
the  same  as  that  shown  in  figure  15-9  Wlien  a 
gas  or  liquid  is  forced  through  a  small  opening 
the  pressure  decreases  and  the  gas  or  liquid 
expands.  ^ 

The  thermostatic  valve  is  the  type  of  ex- 
pansion valve  used  on  mobile  air  conditioners,  so 
It  IS  the  one  discussed  in  this  manual. 

The  thermostatic  expansion  valve  (fig  15-10) 
non.sists  es.sentially  of  a  diaphragm  connected  by 
a  small  tube  to  a  temperature  sensitive  bulb 
attached  to  the  refrigerant  tubing  at  the  dis- 
charge side  of  the  evaporator  Tlie  bu!b  is  filled 
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Figure  15-8.-Refrigerant  receiver. 
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Figure  15-9.- Expansion  valve  principle 
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wuh  the  same  refrigerant  as  that  used  in  the 
system.  Connected  to  the  diaphragm,  inside  the 
valve  housing,  is  the  valve  and  spring. 

The  the-mostatic  expansion  valve  insures  that 
the  amount  of  refrigerant  which  enters  the 
evaporator  is  in  proportion  to  the  rate  of  evap- 
oration o  the  refrigerant.  Thus,  the  expansion 
valve  regulates  refngerant  flow  in  proportion  to 
refrigerant  evaporation.  The  rate  of  evaporation 
ot  the  spray  or  mist.is  dependent  upon  the  rate  of 
heat  absorption  from  the  air  passing  through  the 
evaporator.,  The  liquid  refrigerant  enJeTthe 
evaporator  in  the  foim  of  a  low-pressure  mist  or 
spray.  Because  heat  is  absorbed  by  the  mist  as  it 
ravels  through  the  evaporator  the  mist  changes 
to  a.  vapor  and,  when  all  the  Uquid  is  changed  to 
a  vapor,  any  additional  heat  that  is  absorbed  by 
the  vapor  is  called  superheat.  By  the  time  the 
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Figure  15-10.-Thermostatic  expansion  valve. 


AS,921 


refrigerant  lea^^es  the  evaporator,  all  of  it  should 
be  in  the  superheated  vapor  form. 

In  figure  15-1 1  a  thermostatic  expansion  valve 
is  shown  with  the  evaporator  for  a  typical 
cooling  unit  operating  at  37  psi  suction  (low- 
side)  pressure  The  refrigerant  moving  through 
the  coil  absorbs  b^  xi  from  the  air  outside  the 
coil  until,  at  point  B.  it  has  absorbed  sufficient 
latent  heat  for  complete  vaporization.  At  this 
point,  all  the  liquid  has  vaporized.  Any  addi- 
tional heat  now  absorbed  from  the  air  raises  the 
temperature  of  the  vapor,  but  the  pressure 
remains  at  37  psi  because  this  is  the  suction 
pressure  of  the  compressor.  By  the  time  the 
vapor  reaches  the  thermal  bulb,  point  C\,  it  has 
been  superheated  according  to  the  thermal 
expansion  valve  setting:^  in  the  figuic^  an  addi- 
tional 10''  F  has  been  absorbed. 

SUPERHFiAT  RI:C;ULATION  The  tempera- 
ture of  the  refrigerant  within  the  thermal  bulb  is 


Sif  F.  the  same  as  the  temperature  of  the 
suction  vapor  at  this  point.  The  pressure  within 
the  thermal  bulb,  and  consequently  on  the 
diaphragm  within  the  thermal  expansion  valve,  is 
46.7  psi  (PI),  This  pressure  tends  to  push  the 
diaphragm  down,  opening  the  valve  from  the 
receiver.  Opposing  this  force  is  the  37  psi  (P2) 
exerted  against  the  bottom  of  the  diaphragm  by 
the  vapor  at  the  inlet  of  the  evat>orator  coil,  A 
spring  pressure  of  9,7  psi  (P3)  added  to  37  psi 
(P2)  holds  the  valve  in  equilibrium  at  10°  F 
superheat. 

If  an  increase  in  load  occurs,  the  superheat  in 
the  suction  vapor  increases,  ca^s^fng  the  thermal 
bulb  temperature  and  prejJsure  to  increase, 
exerting  a  greater  pressure  on  the  top  of  the 
diaphragm.  This  causes  the  valve  to  open 
further,  allowing  an  increase  in  the  flow  of 
refrigerant  to  the  evaporator  to  restore  super- 
heat to  the  l(f  setting  of  the  valve. 
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If  a  decrease  m  load  occurs,  the  superheat 
decreases  and  the  pressure  i„  the  them  ,  1 
decreases,  hvaporator  inlet  pressure  plus  spr  . 
Presstu.  tend  to  close  tiK-  valve.,  reiucin^ 
"pahtrat'fo"'"  ■^"''■""^'•^  '"^""^^  ^'-^ 
Evaporator 

The  evaporator  (tig.  15-12)  ,s  a  hank  or  coil 
ot  thin-walled  tubing  mounted  in  a  block  of  thin 
metallic  fins..  It  is  here  that  the  refrigerant 
absorbs  heat.  The  evaporator  coil  is  cooled  ^ 
the  refrigerant  ab.sorbing  heat  from  the  tut-' 
then  the  air  to  be  cooled  is  directed  ov  ti" 
cold  coil,  and  cooling  of  the  air  is  accomplished  . 

HEAT  REMOVAL.  As  the  warm  air  is  passed 
over  the  outside  of  tiie  evaporator  coils,  heat  is  " 
transferred  from   the  air  to  the  refrigerant 
through  the  fins  and  metal  walls  of  the  coil 
Heat  IS  transmitted  from  the  warm  air  to  the  fin 
surfaces,  to  the  circular  pipe,  and  then  to  the 
refrigerant.  The  heat  applied  to  the  outside  of 
the  tube  causes  the  refrigerant  to  boil-  As  a 
result  of  boiling,  the  liquid  changes  into  a  vapor 
but  remains  at  the  same  low  pressure.  TWs  vapor 
<s  then  drawn  back  to  the  suction  side  of  the 
compressor.  Also,  as  the  warm  humid  air  comes 
into  contact  with  the  cold  coil,  moisture  in  the 
air  IS  condensed  and  drips  down  off  the 
evaporator, 

ACCESSORY  COMPONENTS 

There  are  various  acce.ssories  that  can  be 
added  tc  he  major  components  to  provide  either 
simplified  maintenance  or  increased  efficiency 
Without  changing  the  function  of  4e  refrigeration 
system. 

Service  Valves 

Service  valves,  referred  to  as  head  and  suction 
valves,  are  provided  for  charging  the  system  and 
tor  use  during  some  maintenance  operations 
I  he  head  valve  is  mounted  on  the  high-pressure 
port  ot  the  compressor,  and  the  suction  valve  is 
mounted  on  the  low-pressure  side.  C  on.struction 
o  the  valves  and  their  method  of  operation  are 
Identical.  (See  fig.  15-L^.)  However,  they  differ 
«n  size,  use.  and  placement. 


OUTLET  TO 
COMPRESSOR 
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Figure  15-1 1.-Superheat  action  in  an  avaporator. 
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Figure  15-12.-Construction  detail  of  an  evaporator. 

The  valve  cap  for  a  compressor  service  valve 
contains  a  gasket  which  forms  a  refriger-ir.t-tight 
fit  between  valve  cap  and  valve  body.  The  valve 
cap  and  gasket  must  be  removed  to  positlor,  th-c 
valve  plunger.  The  valve  plunger  can  be  posi- 
tioned in  the  forward  seated,  back  seated,  or 
cracked  position.   Always  use  the  wrenches 
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Figure  15-1 3.-Servtce  valve. 


provided  with  the  air  conditioner  for  adjusting 
the  service  valves. 

To  forward  seat  a  service  valve  (fig,  15-13), 
turn  the  valve  stem  clockwise  as  far  as  it  will  go! 
This  puts  the  plunger  to  the  left  and  tight 
against  the  forward  seat,  and  stops  gas  flow  at 
this  point. 

To  back  seat  a  service  valve,  turn  the  valve 
stem  counterclockwise  as  far  as  it  will  go.  The 
valve  plunger  is  now  to  the  right  and  tight 
agamst  the  back  seat.  The  gasline  is  now 
completely  open. 

To  crack  a  service  valve,  first  back  seat  and 
then  turn  the  valve  stem  one-fourth  turn  clock- 
wise. This  moves  the  valve  plunger  slightly  to  the 
left,  and  allows  gas  to  How  into  the  gage  port. 

To  install  a  pressure  gage  m  a  service  valve, 
back  seat  and  remove  the  gage  port  plug:  then 
msert  the  gage  and  crack  the  service  valve  so  the 
gage  will  read. 

Never  operate  the  compressor  with  the  head 
service  valve  forward  seated.  This  condition 
blocks  the  output  of  the  compressor  and  causes 
the  pressure  of  the  compressor  to  build  up 
suffjciently  to  become  dangerous  to  personnel. 


Also,  the  compressor  will  almost  certainly  suffer 

damage.; 


Vibration  Eliminators 

Vibration  eliminators  absorb  and  remove  in- 
herent vibration  in  copper  tubing  caused  by 
floating  components.  They  are  constructed  of  an 
accordion-like,  Phosphorous  bronze  tube  with 
copper  fittings  at  each  end  to  facilitate  joining 
with  the  system  tubing.  The  accordion-like  folds 
in  the  material  are  called  convolutions. 

On  some  air-conditioning  systems,  a  simple 
loop  is  made  in  the  refrigerant  tubing  itself.  The 
loop  permits  vibrations  to  be  absorbed  in  the 
extended  length  of  tubing. 

Liquid  Line  Siglit  Glass 

The  sight  glass  is  a  visual  indicator  used  to 
visually  determine  the  condition  of  the  refrig- 
erant entering  the  thermal  expansion  valve.  The 
sight  glass  is  located  on  the  inlet  side  and  close 
to  the  thermal  expansion  valve  as  possible.  The 
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appearance  of  the  refrigerant  passing  through 
the  sight  glass  should  be  clear,  If  the  sighting 
indicates  a  cloudy  or  milky  appearance,  the  level 
ot  refrigerant  is  low.  The  milky  appearance  is 
caused  by  tiny  refrigerant  vapor  bubbles  mixed 
with  the  liquid  refrigerant. 

Receiver  Valve 

The  receiver  valve,  referred  to  as  the  king 
valve,  is  located  on  the  output  side  of  the 
receiver  tank.  This  valve  is  used  when  it  is 
necessary  to  trap  the  refrigerant  in  the  receiver 
and  conden.ser  lines. 


Heat  Exchanger 

The  heat  exchanger  (fig.  15-1)  provides  tor  an 
increase  in  system  efficiency  by  transferring  heat 
from  the  hot,,  liquid  (flowing  from  the  receiver 
to  the  evaporator)  to  the  cooler  suction  vapor 
(flowing  from  the  evporator  to  the  com- 
pressor). Because  of  thi.sheat  transfer,  the  liquid 
refrigerant  enters  the  evaporator  at  a  lower 
temperature,  allowing  it  to  absorb  more  heat- 
per-pound  of  refrigerant.  This  heat  transfer  also 
insures  that  the  vapor  flowing  to  the  compressor 
from  the  evaporator  contains  no  liquid  (which 
would    damage   the  compressor). 


f 
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Figurt  15-14.-0rler  ttrainef  (Dehydrator). 
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ELECTRICAL 


Figure  15-15. 

Heat  exchangers  can  be  constructed  in  several 
ways  a  small  liquid  line  enclosed  within  u  larger 
suction  line;  a  small  liquid  line  wrapped  :u-ound 
a  larger  suction  line;  or  the  liquid  and  suction 
lines  being  placed  side  by  side  and  physically 
connected  together  by  clamps  or  solder. 

Drier-Strainer  (Dehydrator) 

The  drier-strainer  (fig.  15-14).  also  called  a 
dehydrator,  is  employed  to  remove  foreign 
matter  and  water  frum  the  .system,  l-oreign 
material  which  would  clog  small  openings,  and 
water  which  would  freeze  in  the  expansion 
valves,  are  trapped  and  held  here  The  drier- 
strainer  is  located  in  the  liquid  line  between  the 
receiver  and  the  evaporator,  and  consists  of  a 
replaceable  cartndge  of  activated  alumina  or 
silica  gel  enclosed  in  a  metal  container. 

Upon  inspection,  if  the  drier  stramer  feels 
cooler  than  the  liquid  line  f^ntering  the  drier,  the 
mdication  is  that  the  drier  is  clogged  and  the 
liquid  refrigerant  is  vaporizing  in  the  drier.  In 
this  situation,  the  drier  cartrrdge  must  be  re- 
moved and  replaced. 
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-Thermostat. 
CONTROLS 


Controls  of  an  air-conditioning  unit  may  be 
classified  into  two  distinct  types  operating  and 
safety.  Operating  controls  maintain  the  desired 
conditions,  while  the  safety  controls  prevent 
damage  to  the  equipment., 

Operating  Conttols 

The  operating  controls  of  an  air-conditioning 
system  may  be  simple  or  complex,  depending 
upon  tlie  design  and  use  of  the  system.  Some  of 
the  operating  controls  are  manually  controlled 
by  the  operator,  while  others  are  automatic  and 
operate  in  response  to  changes  in  temperature  or 
pressure, 

TULRMOSTAT.  A  thermostat  is  a  device 
which  automatically  regulates  temperature, 
riiermostats  used  on  mobile  air  conditioners, 
similar  to  the  one  shown  in  figure  15-15,  consist 
of  a  capillary  tube  filled  with  a  volatile  liquid,  a 
bellows,  and  a  set  of  electrical  contacts. 

The  thermostat  contacts  are  connected  to  a 
solenoid  valve  circuit,  and  the  capillary  tube 
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bulb  is  placed  in  the  discharge  airflow  im- 
mediately downstream  of  the  evaporator  As  ti  c 
temperature  of  the  discharge  air  rises,  the  liquid 
in  the  cijpillary  tube  expands  and  exerts  a 
pressure  on  the  bellows.  This  causes  the  contacts 
to  close,  energizing  the  solenoid  coil  which 
opens  the  valve  so  liquid  refrigerant  can  How  to 
the  expansion  valve. 

When  the  desired  temperature  of  the  dis- 
charge air  is  reached,  a  reverse  of  the  above 
action  occurs.  The  liquid  in  the  capillary  tube 
contracts,  the  contacts  open,  the  solenoid  valve 
closes,  and  the  flow  of  refrigerant  to  the 
expansion  valve  is  stopped.. 

SOLENOID  VALVES.  Solenoid  valves, 
similar  to  the  one  shown  in  figure  15-16,  are 
used  in  mobile  air  conditioners  to  control  the 
flow  of  refrigerant  at  various  points  in  the 
system. 

The.se  valves  are  of  two  types,  normally  open 
or  normally  closed,  but  regardless  of  type  or  use. 


construction  and  function  ot  the  valves  are 
essentially  the  same. 

In  the  normally  closed  type,  when  the  circuit 
to  the  solenoid  coil  is  completed,  the  coil 
energizes  and  pulls  the  valve  oft  its  seat,  opening 
the  valve  passage.  When  ihe  circuit  to  the 
solenoid  coil  is  opened,  the  coil  deenergizes  and 
spring  pressure  pushes  the^valve  i:ito  its  seat, 
closing  the  valve  passage. 

In  the  normally  open  type,  operation  is  the 
reverse  of  the  operation  of  the  normally  closed 
type.  When  the  solenoid  coil  is  energized,  the 
valve  is  closed,  when  the  solenoid  coil  is  de- 
energized,  the  valve  is  open. 

CIRC  UIT  CONTROLS. -Controls  for  the 
various  circuits  of  an  air-conditioning  unit  may 
vary  from  simple  toggle  switches  to  remote 
controlled  contactor  relays.  These  devices  may 
be  used  for  actuating  fans,  lights,  motors,  or  for 
checking  various  circuits  while  troubleshooting  a 
detective  system..  Switches  used  for  mamtenance 
work  are  called  service  switches. 


MAGNETIC  COIL- 


VALVE  STEM 


INLET 


BREAKAWAY  PIN 


PLUNGER 


VALVE  SEAT 


PISTON 


OUTLET 


AS,925 

Figure  15  16  -^Solenoid  valve. 
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AS.434 

Figure  15-17. -High-  and  low-pressure  cutouts. 
Safety  Controls 

Sufficient  safety  devices  are  installed  in  air- 
conditioning  systems  to  prevent  bodily  injury 
to  operating  personnel  and  damage  to  system 
equipment  or  equipment  and  spaces  receiving 
the  conditioned  air. 

FUSIBLE  PLUG. -The  fusible  plug  is  pro- 
vided  to  prevent  excessive  buildup  of  refrigerant 
pressure  within  the  confined  area  of  the  equip- 
ment. The  refrigerants  commonly  used  today 
will  act  in  accordance  with  the  normal  liquid/gas 
laws,  whereby  increasing  temperature  causes 
increasing  pressure.  Should  the  jir-conditioning 
equipment  be  in  close  proximity  to  a  fire,  a 
positive  method  of  releasing  vapor  and  liquid 
must  be  provided  to  prevent  the  buildup  of 
excessive  pressure  within  the  system.  The  fusible 
plug  is  usually  located  at  the  inlet  connection  of 
the  receiver  tank..  When  excessive  external  heat 
is  present,  due  to  fire  or  other  similar  causes,  the 
plug  melts,  allowing  the  refriger^^nt  gas  to  escape 
from  the  system.  This  reduction  of  gas  pressure 
prevents  possible  rupture  or  explosion  of  the 
equipment.. 


HIGH-  AND  LOW-PRESSURE  CUTOUTS. 
High-  and  low-c/ressure  cutout  switches  are 
incorporated  in  refrigerafion  units  to  control  the 
operation  of  t}(e  compressor.  The  pressure  con 
trol  prevents^  the  discharge  pressure  of  the 
compressor  ffom  building  up  beyond  a  reason- 
able limit,  ^nd  suction  pressure  of  the  com- 
pressor fro;ii  fallihg  below  the  safe  limit. 

The  control  unit  illustrated  in  figure  15-17 
contains  controls  for  both  •  the  high-  and  low- 
pressure  gases.  In  some  installations  the  high- 
and  low-pressure  controls  are  mounted  in 
separate  units;  however,  their  operation  is  es- 
sentially the  same. 

DUCT  AIR  PRESSURE  SWITCH.  The  duct 
air  pressure  switch  is  designed  to  shut  down  the 
entire  unit  if  an  overpressure  condition  occurs  in 
the  conditioned  air  discharge  duct.  The  pickup 
tube  for  the  duct  pressure  switch  is  located  in 
the  discharge  air  plenum  chamber. 


MOBILE  AIR  CONDITIONER  {NR-2B) 

The  NR-2B  mobile  aij  conditioner  (fig.  15-18) 
is  a  mobile,  trailer-mounted,  electrically 
powered,  self-contained  air  conditioner.  It  re- 
quires a  440-volt,  3  phase,  6O-H2  power  supply 
for  operation  ^f  the  compressor  motor,  fan 
motors,  and  the  control  circuits. 

The  NR-2B  has  a  cooling  capacity  of  7  tons 
with  a  discharge  air  temperature  of  50°  F  in  the 
cooling  mode  of  operation,  and  of  90°  F  in  the 
deh  -iiidification  mode  of  operation.  It  will 
operate  in  a  temperature  range  of  0°  F  to  1 10° 
F  at  altitudes  up  to  5,000  feet. 

The  NR-2B  is  designed  to  provide  cooling, 
ventilation,  dehumidification,  and  filtration  of 
air  for  electronic  equipment.  The  unit  is  in- 
tended for,  but  not  limited  to,  use  for  air 
conditioning  aircraft  cabins  and  equipment  com- 
partments. 

The  NR-2B  utilizes  a  semihermetic,  six-cyl- 
inder compressor,  with  refrigerant  R-22  used 
as  the  heat  transfer  medium., 

Two  tube  and  fin  type  evaporators  and  a 
single  condenser  are  used  in  the  unit.  Air  flow 
for  the  evaporators  is  provided  by  a  positive 
displacement  blower,  and  air  flow  for  the 
condenser  is  provided  by  two  axial  type  fans. 
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Chapter  15  -  AIR-CONDITIONING  SYSTEMS 


The  NR-2B  is  composed  of  ,3  major  systems  - 
electrical,  refrigerant,  and  airtlow.  (See  tisure;, 
15-19,  15-20,  and  15-21.) 

Inasmuch  as  the  electrical  and  refrigerant 
systems  are  interconnected  and  depend  upon 
each  other  for  operation,,  they  will  be  discussed 
together. 


Electrical/Refrigerant  Systems 

Operation  and  control  function's"  require 
44u-volt,.  ,3-phase,  60-Hz  power"  which  is  sup- 
plied to  the  unit  via  a  p^Ave'r  cable  connected  at 
the  upper  right  tWt)T  the  unit.  This  power  is 
protected  by  a  60^mpere  circuit  breaker  which\ 
also  functions  as  a  master  power  switch.  A  ■ 
300-VA  transformer  is  used  to  lower  the  voltj^ge  • 
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Figure  15-19.-NR.2B  electrical  system  schematic. 
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Figure  IS  ZO.-NR  ZB  refrigerant  system  schematic. 


from  440  volts  a.c.  lo  I  10  volts  a.c.  for  control 
and  instrument  operation,  while  the  full  440 
volts  IS  applied  to  the  motor  contactors 
(,*itarters). 

Placing  the  circuit  breaker  (I iii.  15-22)  in  the 
ON  position  connects  povver  to  the  circuits  and 
illuminates  the  power  on  Kglit.  The  refrigerant/ 
electrical  functions  are  started  by  placing  the 
selector  switch  in  the  (^OOL  or  DHHUM 
position.. 

COOLING  MODL.  The  coolir^g  mode  is 
initiated  when  the  selector  switch  is  set  to  the 
cool    position    (fi^.   1-19).   The  compressor 


motor  is  started  by  closing  cooling  relay  (Rl) 
and  compressor  motor  starter  (M2).  The  cooling 
circuit  is  completed  through  the  high-  and 
low-pressure  cutout  swi'tches  (HP  and  LP),  com- 
pressor safety  relay  (R3).  motor  interlock  relay 
(R4),  and  pumpdown  relay  (R5k  The  cool 
circuit  light  illuminates,  T  blower  motor 
starter  (Ml)  contacts  close,  siarting  the  blower 
motor,  and  the  two  condenser  fan  motor  startei^ 
(M3  and  M4)  energize,  starting  the  fan  motors. 
With  the  compressor  operating  (fig.  15-20), 
the  superheated  refrigerant  vapor  leaves  the 
':on.pressor    (14)    through     the  compressor 
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Figure  15.21.-NR.2B  air  flow  schematic. 


AS.929 


discharge  valve  fH)  and  is  dchvcre';  to  the 
condenser 

Condersmg  airflow  I^  provided  by  the  con- 
densei  fans  (fig.  15-21).  The  two  fans  are 
controlled  by  compressoi  discharge  pressure 
through  switches  HP^,  and  HP^.^^,figuie  l5-:i. 
If  the  discharge  pressure  falls  !)elo\v  160  psi.one 
ot  the  fans  will  he  cut  out  to  decrease  the' 
amount  of  condensing,  raising  compressor  dis- 
charge pressure.  If  the  discharge  pressure  falls 
below  140  psi.tlie  second  tan  will  be  cut  out.  As 


the  entering  air  temperature  rises,  compressor 
discharge  pressure  increases  and.  because  more 
condensing  is  required,  the  fans  return  to  opera- 
tion one  at  220  psi  discharge  pressure  and  the 
other  at  240  psi  discharge  pressure. 

NOTh:  Compressor  discharge  and  suction 
pressures  are  monitored  on  gages  mounted  on 
the  instrument  panel  (fig  ]  ^-2  2^V 

The  superheated  refrigerant  vapor  is  changed 
to  a  liquid  in  the  condenser  This  liquid  is  stored 
in  'the  receiver  (S.  fig.   i5-20)  and  from  the 
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receiver  the  hquid  passes  through  the  tiltcr-tlricr 
(  I).  From  the  filter-dner  the  hquid  passes 
through  the  precool  and  attenool  refriger.uit 
so..Mioid  valves  {9  and  10)  and  smhi  glasses  ( |7) 
The  two  expansion  \alves  (  K,  and  meter  the 
liquid  into  the  two  evap()rat(  ^  ( 1  and  2)  Cioni 
the  evaporators.,  the  siiuion  va;  or  returns  to  the 
compressor  through  the  eonipressor  suction 
valve  ( I  ^ ). 

M  the  air  to  he  conditioned  Hows  througii 
the  !ins  of  the  precool  evaporator,  it  is  lowered 
m  temperature  as  required  by  the  setting  of  the 
precool  thermostat  (TCi..  fm.  i5-lM)  jf  the 
ontenng  air  temperature  i.  suHicientlv  low  and 
no  precooling  is  reqmred.  the  thermostat  (TCh 
Will  open  its  contacts.,  deenergize  the  precool 
refrigerant  solenoid  valve  (>■).  tig.  15-20)  and 
stop  the  flow  of  refrigerant  to  the'preJool 
evaporator. 


leiiiperature  of  the  conditioned  air  V.ving 
the  attercool  evaporator  is  controlled  bv  a 
two-stage  switch  irc:  and  TC3..  tig.  iS-l')) 
When  the  temperature  of  tiie  conditioned  an 
lirops  helow  the  control  setting,  1  C":  opjnsand 
deenergi/.es  one  unloader  solenoid  (SUl,.  fig. 
l.-^-l'^)  This  stops  compression  on  one  hank  ot 
pistons  in  the  com  pressor  and  cuts  down  com- 
pressor eapacity.  As  the  temperature  drops 
further,.  T(  3  opens  and  deenergizes  the  second 
unloader  soleno..l  (SU:..  fig  15-14)  to  further 
decrease  compressor  capacity 

DHHU.VIIDH  iCATION  MQDli.  See  figuie 
l>l<-'.  Wh  .  the  .selector  switch  is  placed  in  the 
dehumidity  position,  the  dei.nmidify  circuit 
light  .Illuminates.  Operation  ot  the  refrigerant 
system  IS  the  same  as  explained  above  except 
•li;it  the  cool  relay  (R I )  deenergizes.  closing  the 
attercool    refrigerant    solenoid    valves  and 
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Figure  15-22.-  i'JB.2B  mstrument/controt  panel, 
4f>5 
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sloppin^i;  K'liiiiCMiil  flow  (hriuigli  llic^jtlciu)ol 

fhc  .ill  to  be  ^<MT(liiio!K'J  c'Wcis  ,nul  tlov's 
Ihfoihjh  {\w  hns  ol  (he  piocool  I'sjpoialoi  ulicrc 
IIK'  t^'Pipvialuu'  IS  'osvcTcu  to  tho  s^'ttniiz  ot  tlic 
liKMin()st.il\(  l(  I),  .iiid  ilu-  nioisiiiic  conlcfil  rs 
lowered  l)\  coiuieiisalion  o(  inoisluioon  Ihc^ 
c\j[n)r.il()r  is  llioi.  con.- 

(Hcs^cd  \n  \Uc  l^lowct  (  oiiipiossion  causes  Ww 
air  to  be  heated  lo  the  deluntiidirication 
tompeiature.  alter  whiJi  it  is  delneied  to  the^ 
ooruhlioiied  s[)aLe  at  apiMoxiinalelv       1  . 

V|\|||A1I()\  MODI.  Wiieii  the  selector 
swit'.sh  IS  placed  ui  \ent  position,  llio  vent  li^iht 
illiiDvnales.  Pue  to  the  holding  action  ol  the' 
puinpdown  relav  (RVj.^j  1  5- 1  ^M,  the  rerniiLrant 
s\stein  continues  tu'op^'iaic  lor  a  peiiod  ot  tjnie 
when  switched  horn  loo!  oi  dehuinidil'icatiof^ 
luodcs  to  the  vent  niode..  Wilh-ihe  leliiizctan^ 
solenoid  valves  Josed  (^Knul  IOJili  M-JO).  the 
•.(unpiessor  attempts  to  evacuate^  the  low-pres- 
suie  side  ot  the  svsten).  When  low  Mde  ii;essuJe^ 
dtops  helou  '^  psr  ( putjiptlow  n  einnpletcd)  the^ 
low-pressure  cutout  switch  ([P\,  Irj  I5-I*>) 
opens  the'  cn\uit  to  the  Lonipressoi  moloi 
Nlaiter  haltini:  ihc  (.oinpiessoi 

Xirflow  Svstcin 

Sl  hiiuie  l-^-'i  \nihient  air  enteis  tliL  unit 
thi'Xiirl)  a  ^{Knuvioi]  an  liitci  and  passes  throuj^^h 
the  pfo^Mol  e\apf>iatoi  wheie  its  teinperature^ 
and  n:oistuie  LonteiU  ,'ie  lowered  I  he  an  is 
th;n  diiwn  tlitouiJh  rle\ible  du^twoik  into  the^ 
positive  disp..uenient  bhnv  er 

Xs  the  an  is  conipies  "d  in  the  hlcMser,  its 
iein()eiatuu'  lisLS.  hut  the  nioistuie  content 
remains  unLlianijed.  Air  at  3  psi  enters  the 
atreicool  evap.)ralor  and  is  pooled  to  the^  hna! 
leinpeutuie  and  moisture  LoiMent  \ii  leaves 
^'i^'t  anti  IS  deliveied  to  the  cc^ndit loneu 
spa^e  thioue-'  a  4MnLh  diametei  :^-^oot  lenizth 
ot  tle\ible  duct  Conditioned  an  lemperatuie 
and  pressure  ate  momtoied  on  ;-Miies  mounted 
t>n  the  insiiument  panel  dig  1^-'^.').  \  chut  an 
pressure  swifth  at)ps  ope;  ttion  ot  the  unit  it  air 
ptessuie  m  th^.  disJ:a:fx^  duct  exceeds  psj 
(See  111!  I  > 

I  wo  .t\iai4iow  piopoliei  (v(\"  t,ms  ate  used 
to  move  llu'  an  a^'f^ss  ihe  ^(Mukr.sei    A,,  is 


drawn  through  expanded  metal  panels  on  Ihe 
sides  and  a  louvered  panel  at  the  rear  v)i  the' unit, 
and  is  d'scharged  through  the  condenser  at  the 
Iront  ol  the  uml.  1  acli  Ian  is  directly  coupled  to 
Ms  drive^  motor 

IROUBLESHOOTING 

Not  all  of  the  possible^  troubles  that  might  he 
encountered  m  conjunction  with  the  NK-2Bcan 
be  covered  here;  hovvever,^  table  15-1  hsls  the 
troubles  most  likely  to  be  encountered. 
probabl^  causes  lor  each  trouble,  and  the 
remedy 


MAINTENAN{  r 

Maintenance  -d.ita  for 'the  air  conditioner 
includes  inlorniation  tor  servicing,  testing,  ad- 
justing, and  lubricating.  Applicable  satety  pre- 
cautions and  llrst  aid  inrormatioii  are  idso 
included.  Tor  more'  nK'inlenancc'  inlorniation. 
reter  to  t'le  Operatron  and  ,ServiL-e  Instructions 
ioi  the^  \R-:b  mobile  air  conditioner. 

Safety  Precautions 

!be  precautions  jiresemed  here  must  be 
obMUve^l  in  ofder  to  prevent  iniurv  to  peisonnel 
working  on  or  in  immediate  vicinitv  ol  any 
aii-condiiioning  luiit  while  marntenance  rs  being 
peilormed  on  the^  unit. 


1.  Suitaiile  (^e  ptoiCLlj.  .  must  be  used  when 
handling  lelrrgeiants. 

J.  Never  heat  a  tefrigerant  dru.ni  wiUi  a  torch 
(H  anv  other  open  Hame; 

VVb.en  »*epainrig  a  relVigetant  '...stem,  al- 
wa\s  blow  out  anv  residual  relrigerant  belbre 
attei]i[Mmg  to  heat  Mie'  pipe  oi  tubing. 

4.  Never  put  Ircjuid  pMYigerant  mto  a  com- 
[^lessor  suction  line., 

iiisfiect  all  charging  lines  |or  btltlb''nes^ 
aird  condition  ol  the  couplings  prior  to  use. 

(>•  not  ;dlow  lujuid  relrigerant  to  come 
into  Lontail  with  the  skin. 

Ir  a  lame  retrigeiarit  spill  olcuis.  ventrlate 
tfie  sp',Ke  immediatelv . 
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I  rouhlo^ 


Panel  light  f;uK  to  illiuniiuto. 


Circuit  li^lit(s)  t\u\  to 
illunnnjto. 


^'uh  cuts  out  on  high  pressure 


Compressor  tails  to  st.irt 


Table  l'^' l.-Trouhleshoorine 
I^^^^ihle  cause 
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Defective  lamp. 

I  Oefective  PANLL  UGFIT 
j  switch 

{     Defective  panel  light. 

Dci^clive  wiring. 

Detective  lamp(s). 

Defective  ShLhvTOR 
SWITCH. 

Defective  light(s). 

Defective  wire 

fligh  pressure  cutout 
switch  tripped. 

High  pressure  cutout 
switch  improperly  set. 

High  pressure  switch 
defective. 

High  or  low  pressure 
cutout  tripped. 

Defective  high  or  low 
pressure  cutout. 

Compressor  aiotor 
^tarter  tripped. 

Deiective  motor 
starter. 

Detective  relay. 

Defective  vv'iring 

Defective^  compressor 

4« 


Remedy 


Replace  lamp. 
Replace  switch 

Replace  panel  light. 
Check  and  repair  wiring 
Replace  lamp(s). 

Replace  switch. 

Replace  light(s). 
Check  and  repair  wiring. 
Reset  switch.; 

Adjust  switch  setting. 

Replace  switch. 

Reset  switch. 

Replace  switch. 

Reset  motor  starter, 

Repi  ice  motor  starter. 

Repluce  reiay. 

Check  and  repair  wiring. 

Repair  or  replace 
coniprtssor. 
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Table  15-1.  -  Troubleshooting- Continued 


[rouble 

Hossible  cause 

Remedy 

gage  indicates  less 
than  :i)0  psi 

Refngerant  charge  low  as  indi- 
cated by  bubbles  in  sight  glass 

 ~  

Test  system  for  leaks, 
then  add  refrigerant 
as  required. 

Detective  hot  gas  bypass 
solenoid  valve. 

Replace  solenoid 
vaKe. 

Defective  gage. 

Replace  gage. 

j     Detective  compressor  or 
1  unlcade*. 

Repair  or  replace 
compressor.^ 

DISCHARGH  PRhSSL  Rh 
llitiii  .^h5  psi. 

i 

j     Condenser  coil  clogged  or 

1  obstructed. 

1 

! 

1     Clean  coil. 

Overcharge  of  refrigerant. 

Bleed  small  amounts  of 
refrigerant  from  suction 
vaive  througl^i  a  charging 
line  until  pressure  is 
normal. 

Detective  gage. 

Replace  gage. 

Defective  compressor. 

Repair  or  replace  com- 
pre.ssor. 

Receiver  shutoff  valve  closed. 

Open  valve. 

SLCllON  PRhSSL'Rl: 
gai!e  itulicaleH  zero 
psi. 

Receiver  shutoff  valve  closed. 

Open  valve. 

Defective  gage. 

Replace  gage. 

Detective  compressor'. 

Repair  or  replace 
compressor 

PRhSSURL 
gage  indicates  less 
than  40  psi. 

Air  filter  dirty. 

Clean  air  filter 

I'vaporator  coil  frosted, 
blocking  airflow* 
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Turn  off  unit  and 
allow  ice  to  melt.- 
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Blower  not  operating. 


■I.iHlel5-|.  Troubleshooting  ContinueJ 


Trcnihle 

Possihle^  Cijuse 

Remedy 

i 
j 
1 

Low  refngeranl  ch;irge 

Add  refrigerant 

i 

Filler-dner  clogged 

ReplaOe  filter  drier 
core 

i 

'  Fxpaiision  vulve  detective 

Repair  or  replace 
expansion  valve 

Hot  gas  byp.iss  valve  not  furu- 
lioning  properly. 

Adiust  vake.  Replace 
Vilive  II  necessary, 

1 

Suction  pressure  higher 
than  nornwl. 

Blower  not  operating  properly 

Hot  ga>  h^'pass  valve  set  loo 

hmh  j 

1 

Repair  or  replace 
blower. 

Adjust  bypass  valve 

Ohcharge  pressure  loo  high. 

Refer  to  (6  above). 

\ 

hxpansion  valve  not  operating 
properly. 

Adjust  expansion 
valve. 

Defective  compressor. 

Air  pressure  .swit';h  tripped. 
Detective  air  pressu-e  switch. 
Delectlve  blower  motor 
Deteelive  wiring 

Defective  blower. 


Repair  or  replace 
compressor. 

Reset  switch. 

Replace  switch. 

Replace  blower  motor 

Cheek  wiring  in  unit 
and  repair  as  nec- 
essary 

Repair  or  replace 
blower. 
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Lihlc^  15-1     I  rouhlcsliooiin^  (  onlniucd 


Iiouhio 


Uiut  will  not  start 


CoDiprcssof  vvill  not 
stjrl. 


(  oiuk-iisoi  Lm  inotofs  will 


Possible  Laiivo^ 


Roiucdv 


A:r  pressure  switch  inppeil 

Ihgh-or  low-pressure  switeh 
tripped. 

,^-anip  tuse  blown. 

Deteelive  relay. 

Pressure  switc'i  tripped 

l)el'**etive  relay 

Coiiipres^or  motor  slarler 
Hipped. 

Deteelive  motor  starter. 


Compressor  internal  ther- 
mostat switeh  *ipped. 


1-amp  tuse  blown. 
Detective  ec^mpressoi 

Pressure^  svMtel'.es  open 


Pressure  switches  not  oper- 
atinu  pioperly 


I-an  motor  sl.^rter(s)  tripped 
DeleetivCsjPotor  srarter<s) 


/ 
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Reset  switcli. 

Reset  switehes  as 
neeessary. 

Replace  tuse 

Replaee  relay 

Reset  switeh 

Replaee  r  '''ly. 
Reset  motor  starter. 


Repair  or  replaee 

j        motor  starter 

I 
J 

[     Allow  eompressor  to 
j        eool.  Switch  will 
!  reset. 

Replaee  tuse. 

Repair  or  replaee 
eomyressor 

Allow  discharge  pres- 
sure to  reach  switch 
settings. 

Adjust  switehes.  F<e- 
place  switches  if 
necessary 

Reset  motor  starter(s). 

Repair  or  replace 
motor  starter(s). 


l^iPlcr  I  5     Al  R-CONUITIOMN(;  SYS  H  MS 


Me  IS.]  ^Troublcshoonnti-Continued 


I  rouble 
Svslciii  will  not  punipdown 


Possible  CilsUC 


Defective  rccLMvci  shdiofl 
v;ilvc 





Kcnicdy 


i    RcpLicc  shuion  valve. 


(oniprcssor  wil!  no, 
unload. 


First  Aid  Treatment 

U  Ikimd  rofVjjLicMnt  comes  mio  contijcl  with 
the  skiri,  J  serious  injurv  v/iil  result.  Su"h  injury 
must  .he  trebled  .is  if  the  skin  were  severely 
froslhiiien  or  tro/en,  I-Iush  the  are;i  with  ck^n 
water  and  seek  medical  attention  immediately. 
It  hquid  refrigerant  comes  into  contact  with  tlie 
oyes.  Hush  with  clean  water  and.  again,  seek 
medical  attention  immediately. 

Servicing 

Some^  ol  the^  moie  common  ser^Km.Li  tasks  are 
mentioned  Iierc  for  background  intormation 

AIR  MLRR  ShKVK  INCi,  Hi,.  .^takJ  an 
filler  IS  of  the  permanent,  washable  type  and  can 
be^  cleaned  as  follows. 

K  Open  the^  air  filici  bo\  and  iemo\e  the 
filler. 

2.  Inspect  the  filler  (or  damage  oi  delerio- 
ration,, and  replace  it  necessarv. 


1     Dclective  pumpdown^  relay 

! 

Replace  relay. 

Detective  pres.>ure  switch. 

Replace  r>rt*sv.iirt> 

switch. 

Solenoid  valves  will  not 
close',  ♦ 

Repair  or  replace 
solenoid  valve>. 

!     Conditioned  air  two-stage 
i        switch  not  set  properly. 

Adjust  switch. 

1 

j     Defective  switch.  ] 

j  j 

Replace  switch 

Defective  unloadei  solenoids. 

Replace  solenoids. 

IX'fective  wiling.  j 

j 

Repair  or  replace 
winng. 

3..  Wash  tlu-  nitei  with  dry  cleaning  solvent 
(Federal  Spec.  P-D-bHO)  and  flush  with  hot 
water. 

4.  Allow  the  filter  to  dry  thoroughly  and 
then  oil  lightly  with  general  purpose  lubricating 
oil  (f-ederal  Spee.^  W-L.-XZOB  or  equivalent). 

5.  Reinstall  the  filter  in  the  unit  and  close  the 
filter  box. 

LLAK  Tf-.STING.  Oily  til,,,  deposit,  around 
piping  connections  and  valve  bonnets  are  an 
indication  of  refrigerant  loss.  Leaks  may  be 
detected  by  use  of  a  flalide  torch  or  an 
electronic  leak  detector,  as  outlined  below. 

I..  Open  the  access  -loors..  remove  the  access 
P;inels..  and  remove  th.  top  of  the  unit  to  gain 
iieeess  to  the  ictrjgerant  lines  and  tubes, 

2.  Operate  the  air  tonditioner. 

3.  Pass  the  exploring  tube  of  a  flalide  torch 
or  the  probe  of  an  electronic  leak  detector  over 
.III  relrigerant  fittings,  couplings,  and  valves. 

4.  Mark  all  spots  where  leaks  are  found. 
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5.  Beforo^  attempting  to  repair  any  leaks, 
punipdown  thv  refrigerant  %\stem  (Reter  to  the 
Operation  and  Service  IristruLiions  h)i  pump- 
down  piocedurcj 

0.  Repair  all  leaks  detected. 

7.  Refer  to  tlie  Operation  and  Service^  Instrue- 
tions  tor  procedures  tor  pressure  testiiig  and 
dehydrating  the  system. 

DRIfR-STRAINLR  (1)1  HYDRA  I  OR) 
SHRVICINX;.  Replace  the  dner-str  amer  cart- 
ridge as  tbilows. 


1.  Reler  to  the  Operation  and  Service 
Instructions  and  pumpdoun  the  system 

2.  Remove  the  left  side  panel, 

3.  Remove  the  si\  bolts  securing  the  cap  on 
the  drier  case,,  and  renune  the  cap. 

4.  Remove  the  cartridge  tVom  the  case  and 
install  a  new  cartridge. 

5.  Replace  the  case  cap, 

(k  Refer  to  the  Operation  aiu:  Service  In- 
structions and  evacuate  a'ld  clv'hydrate  the 
^>  stem 

7.  f.eak-test  the  dri'.r-stramer  at  the  cap  as 
previously  described. 
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CHAPTER  16 

CORROSION  PREVENTION  AND  CONTROL 


Modem  ground  support  equipinen!  is  de- 
pendent upon  the  structural  soundness  of  the 
metal  irom  which  it  is  tahricated.  The  greatest 
threat  to  the  structural  integrity  of  the  eq»m- 
rncnt  is  corrosion  ot"  the  metal.  With  higher 
s  rength  demands  heing  made  of  metals  and  the 
'Closer  tolerances  of  safety  demanded,  these 
equipments  would  rapidly  become  inoperative 
without  regular  anticorrosion  attention. 

Corrosion  endangers  .support  equipment  by 
reducing    the    strength    and    changing  the 
^    mechanical  characteristics  of  the  materials  used 
'in  Its  construction.  Materials  are  designed  to 
carry  certain  loads  and  withstand  given  stresses 
as  well  as  to  provide  an  extra  margin  of  strength 
or  safety.  Corrosion  can  weaken  the  structure 
•  thereby- reduci.  g   or  eliminating   the  safety 
actor.  Replacement  or  reinforcement  opera- 
tions are  costly  and  time  consuming,  and  reduce' 
usage.  Corrosion  in  electronic,  electrical,  and 
a>itomotive  systems  often  causes  serious  mal- 
functions which  reduce  the  effectiveness  of  the 
equipment,  and  often  destroys  it  completely 

Material  presented  in  this  chapter  has  been 
compiled  from  a  variety  of  sources  and  has 
necessarily  been  greatly  condensed.  As  with 
other  trai.iir?  manuals,  no  maintenance  pro- 
cedures should  be  initinted  which  are  based 
solely  on  information  contained  herein 

A  thoiuug.h  compiehension  of  the  dangers  of 
cor-osion,  the  ability  to  recogni/.e  the  Various 
types  of  corrosion,  and  the  development  of  the 
skills  necessary  to  cope  with  them  should  be 
mclu;,ed  in  the  objectives  of  every  maintenance 
traming  program.  The  ASH  will  find  that  cor- 
rosion prevention  and  control  frequently  turns 
out  to  be  .Ml  all-hands  evolution.  In  his  dav-to- 
day  work  he  can  improve  the  quality  of'co-- 
rosion   prevention   and  control  by  observing 
precautions  outlined  herein  when  working  on 
ground  support  equ-ment..  Careless  handling  of 


tools  and  equipment,  scuffing  of  feet,  etc.  can 
result  in  damage  to  protective  finishes  leaving  an 
area  unprotected  from  corrosion..  Even  a  finger- 
print on  arv  unprotected  surface  will  cause 
corrosion  and  etching  of  the  metal.  This  chapter 
will  also  be  invaluable  to  the  ASE  in  preventing 
corrosion. 


CORROSION 

Metal  corrosion  is  the  deterioration  of  metal 
when  combined  with  oxygen  to  form  metallic 
oxides.  This  combining  is  a  chemical  process 
which  IS  essentially  the  reverse  of  the  process  of 
smelting  the  metals  from  their  ores.  Very' few 
metals  occur  in  nature  in  the  pure  state.  For  the 
most  part,  they  occur  naturally  as  metallic 
oxides.  The  refining  processes  generally  involve 
the  extraction  of  relatively  pure  metal  from  its 
ore  and  the  addition  of  other  elements  (either 
metallic  or  nonmetallic)  to  form  alloys. 

After  refining,  regardless  of  w..ether  or  not 
alloyed,  base  metals  possess  a  potential  or 
tendency  to  return  to  their  natural  sta.e.  How- 
ever, potential  is  not  sufficient  in  itself  to 
mitiate  and  promote  this  reversion.  There  must 
also  exist  a  corrosive  environment,  in  whw-h  the 
significant  element  is  oxygen.  It  is  the  process  of 
OAidation-combining  with  oxygen-that  causes 
wood  to  ret  or  burn  and  metals  to  corrode. 

Prevention  and  control  of  corrosion  is  de- 
pendent upon  maintaining  a  separation  between 
susceptible  alloys  and  the  corrosive  environ- 
ment. This  separation  is  accomplished  in  various 
ways.  An  intact  coat  of  paint  provides  corrosion 
protectioii.  Sealants  arc  Uicd  at  seams  and  joints 
to  prevent  entry  of  moisture  into  vital  areas, 
preservatives  are  used  on  uiipainted  areas  of  ' 
working  parts,  and  shrouds,  covers,  caps,  and 
other  mechanical  equipmert  provide  varying 
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ELECTROLYTE 
(FRESH  OR  SALTWATER. 
GREASE,  DIRT,  ETC.)  . 


^^ECTRON  FLO^ 
ANQDIC  CATHODIC 

AREA  AREA 


METAL 


AM49 

Figure  161. -Simplified  corrosion  cell. 


degrees  of  prot**ction  Iroiii  corrosive  media. 
None  of  these,  hpwever,  provide  100  percent 
protection  paint  subject  to  oxidation  and 
decay  through  weati  ering:  sealants  may  wuik 
out  by  vibration  or  else  b.^  eroded  by  rain  and 
windlihist.  Preser\'atives  at  best  olTcr  only  tem- 
porary portection  when  used  on  operating  sup- 
port equipment,  and  the  mechanical  coverings 
are  subject  :o  improper  installation  and  neglect.. 
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CAUSES 

Prevention  and  control  of  corrosion  begins 
witJi  an  understanding  of  the  causes  and  nature 
of  this  phenomenon.  Corrosion  is  caused  by 
electrochemical  or  direct  cliemical  reaction  of  a 
metal  with  other  elements.  In  the  direct 
chemical  attack,  the  reaction  is  similar  to  that 
which  occurs  when  acid  is  applied  to  bare  metal. 


^Mna-  16     CORROSION  PRKVhNHON  AN!)  (  ON  |  Roi 


Corrosion  m  its  most  nmiilKir  form  is;,  reaction 
between  metal  and  water  and  is  electrochemical 
in  nature. 

In  the  electrochemical  attack.,  metals  of  dif- 
ferent electrical  potential  are  involved  and  they 
need  not  be  in  direct  contact.  When  one  metal 
contauis  positively  charged  ions  and  the  other 
negatively  charged  ions  and  an  electrical  con- 
ductor IS  bridged  between  tl;em..  current  will 
now  as  in  the  discharge  of  a  dry  cell  battery  In 
electrochemical  corrosion,  tiie  conductor  bridge 
may  be  any  foreign  matewal  such  as  water  ,  dirt 
grease,  or  any  debris  that  is  capable  ot  actinu  as 
an  electrolyte..  The  piesepce  of  salt  in  any  of  "the 
loregomg  media  tends  to  accelerate  the  current 
flow  and  hen.e  speed  the  rate  of  corrosive 
attack.; 

Once  the  electrolyte  has  completed  the  circuit 
dig,  I     )  the  electron  flow  is  established  within 
the  metal  in  the  direction  of  the  negativelv 
charged   area    (calhode).    and    the  positively 
cJiarged  area  (anode)  is  eventually  destroved.  All 
preventive  measures  taken  with  respect  to  cor- 
rosion  prevention   and   control   are  designed 
primarily   to  avoid   the  establi.shment  of^he 
electrical  circuit.,  or  secondly,  to  remove  it  a.s 
soon   as   posMbic   after  establishment  before 
serious  damage  can  rcl'sult. 
^  Electbchcmical  attack  is  evidenced  in  several 
torm.s.  depending  upon  the  metal  involved,  it, 
si/e  and  shape,  its  specitie  function,  atmospheric 
conditions,  and  the  '\pe  of  corrosion-producing 
agent   (electrolyte,    .resent..  There  are  many 
tornis  ot'  metals  deterioration  resulting  from 
electrochemical  attack  about  which  a  i!ieat  deal 
IS  known,  ikif  despite  extensive  research  and 
experiineritation..  there   is   still   much   to  be 
learned  about  other  more  complex  and  subtle 
torms.  Descriptions  aie  piovided  later  in  tiiis 
chapter  for  the  more  common  forms'  of  cof-  ' 
rosion.; 

•Since  there  are  so  manv  factors  which  con- 
tribute to  the  process  of  coriosion.  selection  of 
materials  by  the  manufacturei  must  be  made 
with  weight  versus  stiength  as  a  primary  con- 
sideration aiul  corrosion  properties  as  a  secon- 
dary consideration.  However.,  close  attention 
iluring  design  and  production  is  mvvn  to  lieat 
treating  and  annealing  piocedures.  protective 
coatings,  choice  and   ipplic.'lion  ol  moisture 


MONEL  itiVET 
(SMALL  CATHODE) 


RELATIVELY  LITTLE 
CORROSIVE  ATTACK 


ALUMINUM  SHEET- 
(LARGE  ANODE) 


HEAVY 
CORROSIVE 
ATTACK  . 


ALUMINUM  RIVET 
(SMALL  ANODE) 


•MONEL  SH^ET 
(LARGE  CATHODE) 


Figure  16.2.-Effectsof  area  relationships 
in  dissimilar  metal  contacts. 
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barrier  material.v  dKsimilar  metals  contact.,  and 
access  doors  and  .plates.  I  .very  logical  precaution 
Is  taken  by  the  manufacturers  to  inhibit  the 
onset  and  spread  ot  coriosive  attack.; 

There  arc' many  factois  that  affect  the  type, 
speed,  causL-.  and  the  seriousnes',  of  metal 
corrosion..  S.>nie  of  these  corrosion  factors  can 
be  contiolled,  othe,-,  cannot.  Preventive  mainte- 
nance factors  such  as  inspection,  cleaning,  and 
painiingand  preservation  are  within  the  control 
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of  maintenance  personnel.  Preventive  mainte- 
nance otYers  the  most  positive  means  ot  cor- 
rosion deterrence,, 

The  electrochemical  reaction  which  causes 
metal  to  corrode  is  a  much  more  serious  factor 
under  wet,  humid  conditions.  The  salt  in  sea 
water  and  in  the  air  is  the  greatest  single  cause  of 
corrosion.  Hot  climates  speed  the  corrosion 
process  because  Jhe  electrochemical  reaction 
develops  faistest^'in  a  warm  solution,  and  warm 
moisture  in  the  air  -is  usually  sufficient  to  start 
corrosion  if  the  metals  are  uncoated.  As  would 
be  expected,  hot  dry  climates  usually  provide 
relief  frop  constant  corrosion  problems.  Ex- 
tremely cold  climates  produce  corrosion  prob- 
lems if  a  salt  atmosphere!  is  present.  Melting 
snow  or  ice  provides  necessary  water  to*  begin 
the  electrochemical  reaction. 

Another  corrosion  factor  is  in  the  relationship 
between  dissimilar  metals.  (See  fig.  16-2.)  When 
two  dissimilar  metals  are  used  where  possible 
contact  may  develop  (if  the  more  active  metal  is 
small,  co^mpared  to  the  less  active  one),  corrosive 
attack  will  be  severe  and  extensive  if  the 
insulation  should  fail.  If  the  area  of  the  less 
active  metal  is  small  compared  to  the  other, 
corrosive  attack  is  relatively  slight. 


TYPES  AND  RECOGNITION 

One  of  the  greatest  problems  involving  cor- 
rosion control  encountered   by  maintenance 
-p^nnel  is  the  recognition  of  corrosion  prod- 


ucts  when  they  occur.  The  following  paragraphs 
provide  brief  descriptions  of  several  types  of 
corrosion  and  the  characteristics  by  which  they 
may  be  recognized.: 

Direct  Surface  Attack 

T\v^  surface  effect  produced  by  reaction  of 
the  metal  surface  to  oxygen  in  the  air  is  a 
uniform  etching  of  the  metal.  The  rusting  of 
iron  and  steel,  the  tarnishing  of  silver,  and  the 
general  dulling  of  aluminum  sqrfaces  are  com- 
mon examples  of  surface  attack..  On  aluminum 
surfaces,  if  such  surface  attack  is  allowed  to 
continue  unabated,  the  surface  will  become 
rougJi  and  eventually  frosted  in  appearance. 


Galvanic  or  Dissimilar 
Metals 

Galvanic  corrosion  is  the  term  applied  to  the 
accelerated  corrosion  of  metal  caused  by  dis- 
similar metals  being  in  contact  in  a  corrosive 
medium  silch  as  salt  spray  or  water. 

Dissimilar  metal  corrosion  is  usually  a  result 
of  faulty  design  or  improper  maintenance 
practices  which  result  in  dissimilar  metals  com- 
ing in  contact.  It  is  usually  recognizable  by  the 
presence  of  a  build-up  of  corrosion  at  the  joint 
between  the  metals.  For  exan:iple,  aluminum  and 
magnesium  materials  riveted  together  in  equip- 
ment form  a  galvanic  couple  iNqioisture  or 
contamination  is  present.  When  alum inuoj  pieces 
are  attached  with  steel  bolts  or  screws,  galvanic 
corrosion  can  occur  around  the  fasteners. 

All  manufacturers  utilize  a  variety  of  sepa- 
rating materials  such  as  plastic  tape,  sealant, 
primer,  washers,  lubricants,  etc,  to  keep  these 
metals  from  coming  in  direct  contact  and  thus 
keep  corrosion  to  a  minimum.  It  is  imperative 
that  these  separating  materials  remair  intact  or 
are  replaced,  restored,  or  repaired  as  necessary 
throughout  the  life  of  the  equipment. 

Since  some  ^  metals  are  more  active  than 
others,  the  degree  of  attack  will  depend  on  the 
relative  Vtivity  of  the  two  surfaces  in  contact. 
In  any  case,  the  more  active  or  easily  oxidized 
surface  becomes  the  anode  and  corrodes.  In 
plated  metaU  the  possibility  of  dissimilar  metal 
corro,sion  becomes  a  factor  only  if  there  are 
defects  in'  the  plating  which  allow  moisture 
penetration  and  subsequently  the  forming  of  a 
galvanic  cell. 
/ 

Pitting 

ITie  most  common  effect  of  corrosion  on 
-  aluminum  and  magnesium  alloys  is  called 
pitting.  It  is  due  primarily  to  variation  in  gram 
structure  between  adjacent  areas  on  the  metal 
surface  in  contact  with  a  corrosive  environment. 
Pitting  corrosion  is  first  noticeable  as  a  white  or 
gray  powdery  deposit,  similar  to  dust  which 
blotches  the  surface.  When  the  superficial  de- 
posit is  cleaned  away,  tiny  pits  or  holes  can  be 
seen  in  the  surface..  They  may  appear  as  rela- 
tively shallow  indentations  or  deep  cavities  of 
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small  diameter.  Pitting  may  occur  in  any  metal, 
but  it  is  particularly  characteristic  of  aluminum 
and  magnesium. 

Intergranular 

Intergranular  corrosion  is  an  attack  on  the 
grain  boundaries  of  some  alloys  under  specific 
cpnditions.  During  heat  treatment,  these  alloys 
are  heated  to  a  temperature  which  dissolves  the 
alloying  elements.  As  the  metal  cools,  these 
elements  combine  to  form  compounds;'  and  if 
the  cooling  rate  is  slow,  they  form  pre- 
dominantly at  the  grain  boundaries.  These  com- 
pounds differ  electrochemically  from  the 
material  adjacent  to  the  grain  boundaries  and 
can  be  either  anodic  or  cathodic  to  the  adjoining 
areas,  depending  on  their  composition.  The 
presence  of  an  electrolyte  will  result  in  attack  of 
the  anodic  area.  This  attack  will  generally  be 
quite  rapid  and  can  exist  without  visible  evi- 
dence* 

As  intergranular  corrosion  progress  to  the 
more  advanced  stages,  it  reveals  itself  by  lifting 
up  the  surface  grain  of  the  metal  by  the  force  of 
expanding  corrosion  products  occurring  at  the 
grain  boundaries  just  below  the  surface.  This 
advanced  attack  is  referred  to  as  EX- 
FOLIATICW,  and  its  recognition  by  corrosion 
personnel  and  immediate  action  to  correct  such 
serious  corrosion  is  vital.  The  insidious  nature  of 
such  an  attack  can  seriously  weaken  structural 
members  before  the  volume  of  corrosion  prod- 
ucts accumulate  on  the  surface  and  the  damage 
becomes  apparent. 

M^tal  that  has  been  properly  heat-treated  is 
not  readily  susceptible  to  intergranular  attack; 
however,  susceptibility  can  develop  from  loca- 
lized overheating,  such  as  could  occur  from 
welding,  fire  damage,  etc. 

Whenever  intergranular  corrosion  is  evident  or 
suspected,  it  should  be  immediately  brought  to 
the  attention  of  senior  personnel  who  can 
initiate  appropriate  action. 

Crevice  Attack  or 
Concentration  Cell 

Concentration  cell  corrosion  is  actually  a 
form  of  pitting  corrosion  which  is  caused  by  the 
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Figure  16*3.-Concontration  cell  corrosion. 

difference  in  concentration  of  the  electrolyte  or 
the  active  metal  at  the  anode  and  cathode.  When 
there  is  concentration  differences  at  two  dif- 
ferent points  in  an  entrapped  pool  of  water  or 
cleaning  solution,  anodic  and  cathodic  areas  may 
result,  and  the  anodic  area  will  be  attacked. 
Figure  16-3  illustrates  the  theory  of  con- 
centration cell  corrosion.  This  type  of  attack  is 
generally  detected  where  there  are  crevices, 
scale,  surface  deposits,  and/or  stagnant  water 
traps.  This  type  corrosion  is  controlled  and 
prevented  by  keeping  areas  clean  by  eliminating 
.  the  possibility  of  water  accumulation,  by  avoid- 
ing the  creation  of  crevices  during  repair  work, 
and  by  using  approved  sealants  and  caulking 
compounds  to  eliminate  existing  voids  which 
may  become  water  traps.  ^ 

Fretting 

Fretting  corrosion  is  a  limited  but  highly 
damaging  type  of  corrosion  caused  by  a  slight 
vibration,  friction,  or  slippage  between  two 
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contacting  surfaces  which  are  under  stress  and 
heavily  loaded.  It  is  usually  associated  with 
machined  parts,  such  as  the  area  of  contact  ot 
bearing  surfaces,   two  mating  surfaces,  and 
bolted  or  riveted  assemblies.  At  least  one  of  the 
surfac-  must  be  metal.  In  fretting  corrosion,  the 
slipping  movement   at   the   interface  o.f  the 
contacting  surface  destroys  the  continuity  ot  the 
protective  films  that  may  be  present  on  the 
metallic   surface.   This   action   removes  fine 
particles  of  the  basic  metal.  The  particles  oxidize 
and   form   abrasive   materials  which  further 
agitate  within  a  confined  area  to  produce  deep 
pits   Such  pits  are  usually  so  located  as  to 
increase  the  fatigue  failure  potential  of  the 
metal.  Fretting  corrosion  is  evidenced  at  an  early 
stage  by  surface  discoloration  and  by  the  pres- 
ence of  corrosion  products  in  any  lubrication 
present.  Lubrication  and  securing  the  parts  so 
that  they  are   rigid   are   the  most  effective 
measures  to  prevent  this  type  of  corrosion. 


Stress 

Stress  corrosion,  evidenced  by  cracking,  is 
caused  by  the  simultaneous  effects  of  tensile 
stress  and  corrosion.  Stress  may  be  internal  or 
applied.  Internal  stresses  are  produced  by  non- 
uniform deformation  during  cold  working,  by 
'  unequal  cooling  from  high  temperatures  during 
heat  treatment,  and  by  internal  structural  re- 
arrangement involving  volume  changes.  Stresses 
set  up  when  a  piece  is  deformed,  those  induced 
by  press  and  shrink  fits,  and  those  in  rivets  and 
bolts  are  examples  of  internal  stresses.  Con- 
cealed stress  is  more  important  than  design 
stress,  especially  because   stress  corrosion  is 
difficult  to  recognize  before  it  has  overcome  the 
design  safety  factor.  Tlie  magnitude  of  the  stress 
varies  from  point  to  point  within  the  metal. 
Stresses   in  the  neighborhood   of  the  yield 
strength  are  generally  necessary  to  promote 
stress   corrosion  cracking,  but  failures  have 
occurred  at  lower  stresses. 

Fatigue 

Fatigue  corrosion  is  a  special  kind  of  stress 
corrosion  and  is  caused  by  the  combined  effects 


of  corrosion  and  stresses  applied  in  cycles  to  a 
part.  (NOTE:  An  example  of  cyclic  stress  is  the 
alternating  loads  to  which  the  reciprocating  rod 
on  the  piston  of  a  hydraulic,  double-acting 
actuating  cylinder  is  subject.  During  the  ex- 
tension stroke  a  compression  load  is  applied  and 
during  the  retracting  or  pulling  stroke,  a  tensile 
or  stretching  load  is  applied.)  Damage  from 
fatigue  corrosion  is  greater  than  the  combined 
damage  of  corrosion  and  cyclic  stresses  if  the 
part  was  exposed  to  each  separately.  Fracture  of 
a  metal  part  due  to  fatigue  corrosion  generally 
occurs  at  a  stress  far  below  the  fatigue  limit  in  a 
laboratory    environment,    even    though  the 
amount  of  corrosion  is  unbelievably  small.  For 
this  reason,  protection  of  all  parts  subject  to 
alternating   stress    is   particularly  important 
wherever  practical,  even  in  environments  that 
are  only  mildly  corrosive. 


Filiform 

Filiform  corrosion  is  threadlike  filaments  of 
corrosion  known  as  underfilm.  Metals  coated 
with  organic  substances,  such  as  paint  films,  may 
undergo  this  type  of  corrosion. 

Filiform  corrosion  occurs  independent  of 
light,  metallurgical  factors  in  the  steel,  and 
bacteria  but  takes  place  only  in  relatively  high 
humidity,  65  to  95  percent.  Although  the 
threadlike  filaments  are  visible  only  under  clear 
lacquers  or  varnishes,  they  also  occur  with  some 
frequency  under  opaque  paint  films.  Filiform 
corrosion  :an  occur  on  steel,  zinc,  aluminum, 
magnesium,  and  chromium  plated  nickel. 

Microbiological 

Micro-organisms  contained  in  sea  water  can  be 
introduced  into  fuel  systems  by  contaminated 
fuel.  These  fungus  growths  attack  the  sealing 
material  used  on  fuel  tanks.  Under  certain 
conditions,  they  can  cause  corrosion  of  alumi- 
num probably  by  aiding  in  the  formation  of 
concentration  cells.  Residues  resulting  from  bio- 
logical growth  tend  to  clog  fuel  filters,  and  coat 
fuel  capacity  probes,  giving  erroneous  fuel 
quantity  readings. 
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CORROSION  PREVENTION 

It  was  mentioned  earlier  in  this  chapter  that 
base  metals  possess  a  potential  or  tendency  to 
return  to  their  natural  state  (metallic  oxides). 
However,  potential  is  not  sufficient  in  itsel*'  to 
initiate  and  promote  this  reversion.  Therefore,  a 
very  good  way  to  prevent  corrosion  due  to  bad 
weather  is,  when  possible,  keep  ground  support 
equipment  in  a  hangar,  hangarbay,'  or  other 
shelter.  If  the  equipment  not  in  use  cannot  be 
kept  out  of  bad  weather,  protect  it  from  the 
elements  by  closing  all  doors  and  installing 
protective  panels  and  covers.  If  the  equipment  is 
being  used,  have  it  closed  up  as  much  as  is 
practicable.  But  keep  in  mind,  certain  doors  and 
panels  must  be  open  during  operation  of  some 
equipment. 

Cleaning  and  lubrication  are  two  very  im- 
portant measures  to  use  in  the  prevention  of 
corrosion  in  ground  support  equipment. 
Methods  of  cleaning  and  lubrication  of  specific 
equipment  are  included  in  the  chapters  dis- 
cussing the  particular  equipments.  This  section 
discusses  the  various  Naval  Air  Systems  Com- 
mand authorized  cleaning  and  lubricating 
materials  available  to  the  ASE. 

ELECTRICAL  COMPONENTS 

One  of  the  problems  the  ASE  will  have  to  • 
cope  with  is  the  corrosion  of  light  fixtures.  Such 
conditions  as  salt  spray, and  a  salt-laden  atmo- 
sphere cause  rapid  deterioration  of  fixtures. 
Unless  metallic  surfaces  are  protected  by  plating 
or  similar  noncorrosive  surface,  rapid  corrosion 
may-  result.  Fungus  is  a  problem  in  hot,  humid 
environments  and  usually  takes  the  form  of 
mildew  and  rot  decay.  Fungus  growth  can  be 
easily  eliminated  by  proper  cleaning  with  avail- 
able solvents. 

Cloudy  lamp  leases  and  reflectors  are  usually 
signs  of  air  leaks  around  the  lens.  When  relative 
humidity  is  excessive,  it  becomes  a  major  prob- 
lem and  may  cause  electrical  breakdowns.  A 
high  humidity,  coupled  with  temperature 
fluctuations  with  periods  of  wetting  and  drying, 
causes  physical  distortion,  decomposition,  elec- 
trolysis, electromechanical  corrosion,  and  cracks 
and  fusion. 


When  inspecting- lamps  and  lighting  fixtures, 
necessary  steps  must  be  taken  to  combat  cor- 
rosion. Use  sealants  and  gaskets  on  all  ligluing 
assemblies  and  fixtures  that  require  them.  Keep 
all  lamp  lenses  and  reflectors  clean  and  highly 
polished.  When  replacing  burned  out  lamps 
and/or  lighting  assemblies,  replacement  parts 
which  are  identical  in  all  respects  with  the 
original  must  be  used,  lliis  will  insure  proper 
service  and  long  life. 

Battery  compartments  are  highly  corrosive 
areas.  Fumes  from  overheated  battery  elec- 
trolyte are  difficult  to  contain  and  will  spread  to 
all  adjacent  internal  cavities  causing  rapid  cor- 
rosive attack  on  unprotected  surfaces.  If  the 
battery  installation  includes  an  external  venting 
system,  proper  inspection  and  maintenance  is  of 
uppermost  importance  to  keep  the  system 
operating  properly.  Cleaning  and  neutralization 
of  acid  deposits  can  be  accomplished  by  using  a 
solution  of  sodium  bicarbonate  and  fresh  water. 
Battery  compartments  should  be  painted  with 
an  acid  resistant  paint,  and  battery  posts  and 
connections  ^ould  be  greased  lightly  with 
vaseline  ^o  keep  corrosion  to  a  minimum. 

When  st^irters  and/or  generators  are  removed 
for  corrosion  prevention  or  treatment,  work 
should  be  performed  in  a  clean,  dry,  well-venti- 
lated area. 

Clean  all  nonelectrical  parts  by  immersion  in  a 
solvent  conforming  to  federal  specifications.  Do 
not  use  a  wire  brush  or  metai  wool  at  any  time.. 
Blow  out  internal  passages  carefully  with  filtered 
compressed  air.  Electrical  parts  must  be  cleaned 
by  wiping  with  a  lint-free  cloth  moistened  with  a 
solvent  conforming  to  Federal  Specification 
P-S-66IB. 

Circuit  breakers,  contact  points,  and  switches 
are  extremely  sensitive  to  moisture  and  corrosive 
attack  and  should  be  inspected  for  these  condi- 
tions as  thoroughly  as  design  permit?  during 
routine  checks.  If  design  features  hinder  exa- 
mination of  thes^  items  while  in  the  installed 
condition,  advantage  should  be  taken  of  com- 
ponent removals  for  other  reasons  with  careful 
inspection  for  corrosion  required  before  rein- 
stallation. Treatment  of  corrosion  in  electrical 
and  electronic  compon^^nts  should  be  done  only 
by  or  under  the  direction  of  personnel  familiar 
with   the  function  of  the  unit  involved,  as 


479 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


conventional  corrosion  treatment  may  be  detri- 
mental to  som£  units. 

CLEANING 

Cleaning  is  one  of  the  most  important  steps  in 
the  preparation  of  unpamted  surfaces  for  stow- 
age or  for  the  application  of  protective  coatings. 
Cleaning  also  is  important  in  reconditioning 
contaminated  and  deteriorated  surfaces  prior  to 
lubrication.  If  contaminants  remain  on  the 
surfaces  of  equipment,  the  best  lubricants  or 
preservatives  and  the  best  methods  of  protection 
and  preservation  for  standby  stowage  may  be 
rendered  ineffecisve.  Corrosion,  and  conta- 
mination may  cause  faulty  operation  of  the 
equipment  or  deterioration  beyond  reclamation. 

Only  cleaning  materials  which  meet  Naval  Air 
Systems  Command  specifications  may  be  used 
on  ground  support  equipment.  Nayy  approved 
cleaning  materials  are"'  compounded  to 
accomplish  definite  results  and  are  made  avail- 
able only  after  complete  testing  and  actual  field 
acceptance.  All  cleaning  materials  are  inspected 
and  tested  before  acceptance  and  delivery  to  the 
supply  activities.  Cleaning  agents  commonly 
used  for  maintenance  cleaning  are  included  in 
the  following  categories. 

Solvents 

Solvents  are  liquids  which  dissolve  other 
substances.  There  are  a  great  number  of  differ- 
ent solvents;  but  for  cleaning  purposes,  organic 
solvents  are  most  often  used.  Some  solvents  are 
chlorinated..  When  solvents  contain  more  than 
24  percent  by  volume  of  chlorinated  materials, 
they  must  be  kept  in  specially  marked  con- 
tainers. Care  must  be  taken  to  insure  that 
solvents  do  not  escape  into  the  work  spaces. 

All  personnel  working  with  or  near  chlori- 
nated solvents  should  be  particularly  careful  to 
avoid  breathing  the  vapors.  While  the  vapors 
from  some  solvents  are  more  toxic  than  others, 
prolonged  breathing  of  the  fumes  can  be  in- 
jurious to  health. 

In  addition  to  the  breathing  hazard  associated 
with  solvents,  they  also  present  varying  degrees 
of  fire  and  explosion  hazards.  Solvent  cleaners 


having  a  flashpoint  greater  than  105"  F  are 
relatively  safe  under  normal  ambient  tempera- 
tures. Solvents  having  flashpoints  below  105°  F 
require  explosion  proofing  of  equipment 'and 
other  special  precuations.  (The  flashpoint  is  the 
temperature  at  which  the  first  flash  from  the 
material  is  seen,  as  an  open  flame  is  passed  back 
and  forth  over  a  sample  of  flammable  liquid 
being  heated  in  a  cup.) 

Another  hazard  associated  with  solvents,  and 
to  a  certain  extent  with  all  cleaning  materials,  is 
the  effect  f  on  the  surface  or  material  being 
cleaned.  Some  solvents  will  deteriorate  rubber, 
synthetic  rubber,  asphaltic  coverings,  etc.  This  is 
such  an  important  consideration  that  it  must 
always  be  taken  into  account  when  selecting 
cleaning  materials.  It  may  do  a  good  job  in 
removing  dirt,  grease,  oil,  exhaust  gas  deposits, 
etc.,  but  may  also  damage  the  object  being 
cleaned  or  soften  and  ruin  otherwise  good  paint 

coatings.  ,  ^      .  . 

DRYCLEANING  SOLVENT.-Type  I  is  com- 
monly known  as  Stoddard  solvent  and  has  a 
flashpoint  siightW  above  105°  F.  Type  II  has  a 
flashpoint  ^'138°  F  and  is  intended  for 
shipboard  use.«  These  drycleaning  solvents  are  a 
liquid  petroleum  distillate  and  are  used  as  a 
general  all-purpose  cleaner  tor  metals,  painted 
surfaces,  and  fabrics.  They  may  be  applied  by 
spraying,  brushing,  dipping,  and  wiping. 

MINERAL  SPIRITS.-This  is  another  liquid 
petroleum  distillate  which  is  used  as  an  all- 
purpose  cleaner  for  metal  and  painted  surfaces, 
but  is  not  recommended  for  fabrics.  Mineral 
spirits  may  be  applied  by  spraying,  brushing, 
dipping,  and  wiping. 

ALIPHATIC  NAPHTHA.-This  is  an  aliphatic 
hydrocarbon  product  used  as  an  alternate  com- 
pound for  cleaning  acrylics  and  for  general 
purposes  that  require  fast  evaporation  and  no 
remaining  film  residue.  It  may  be  applied  by 
dipping  and  wiping.  Saturated  surfaces  must  not 
be  rubbed  vigorously  due  to  the  highly  flam- 
mable nature  ui  the  naphtha. 

AROMATIC  NAPHTHA.-This  is  a  petroleum 
aromatic  distillate  used  as  a  bare-metal  cleaner 
and  for  cleaning  primer  coats  before  applying 
lacquer.  It  v/ill  remove  oil,  grease,  and  light  soils. 

SAFETY  SOLVENT.-Methyl  chloroform  is 
intended  for  use  where  a  high  flashpoint  and  less 
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toxic  solvent  than  carbon  tetrachloride  is  re- 
quired.. It  is  used  for  general  cleaning  and  grease 
removal  of  assembled  and  disassembled  com- 
ponents in^addition  to  spot  cleaning,  but  should 
not  be  used  on  painted  surfaces.  It  may  also  be 
applied  by  wiping,  scrubbing,  or  booth  spraying. 
The  term  Safety  Solvent  is  derived  from  the  high 
flashpoint  of  the  solvent  and  is  easier  to  say  and 
remember  than  methyl  chloroform.  Many  later 
issue  maintenance  manuals  label  safety  solvent 
as  Trichloroethane,  1 ,1, 1 . 

CORROSION  PREVENTIVE,  FINGER- 
PRINT REMOVER,  MIL-C-15074B.-This  com- 
pound is  intended  for  use  in  removal  of  fresh 
fingerprints  and  perspiration  deposits.  It  is  de- 
signed to  suppress  corrosion  that  may  develop  as 
a  result  of  fingerprint  residue. 

THINNER,  CELLULOSE  NITRATE  DOPE 
AND  LACQUER-In  addition  to.  its  intended 
purpose  of  thinning  dope  and  lacquer,  this 
material  is  used  for  the  spot  removal  of  lacquer 
and  primer  deposits  remaining  afte^  paint . 
stripping  operations,  especially  along  seams  and 
edges,  which  will  interfere-  with  refmish  paint 
operations*  Also,  it  may  be  used  for  removal  of 
oil,  ffease,  and  light  soils  from  bare  metal.  This 
solvent  is  applied  with  wiping  rags  or  soft  bristle 
brusnes  over  small^areas  at  a  time. 

MEtHYlTETHYL  KETONE  (MEK).-This' 
material  is  used  as  a  cleaner  for  bare-metal 
surfaces.  It  does  not  mix  to  any  great  extent 
with  water  but  is  a  thinner  for  lacquers.  It  is 
applied  with  wiping  cloths  or  soft  bristle  brushes 
over  small  areas  at  a  time. 

Emulsion  Geaners 

Emulsion  cleaners  differ  from  solvent  cleaners 
in  their  action  on  contaminants  to  be  removed. 
With  solvents,  the  contaminants  go  into  solution 
with  the  cleaning  material.  Emulsion  cleaners 
tend  to  disperse  contaminants  except  sand,  etc., 
into  tiny  droplets  which  are  held  in  suspension 
in  the  cleaner. 

Emulsion  cleaners  mm*  be  used  with  pre- 
caution since  some  are  flammable  and  toxic  and, 
like  solvents,  may  damage  paint  or  other 
finishes. 

CLEANING  COMPOUND  SOLVENT, 
GREASE  EMULSIFYING,  TYPE  l.-^This  is  a 
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liquid  agent  containing  soap  and  solvent.  It  is 
nonphenolic.  (See  Type  II  which  follows,)  This 
compound  is  used  for  cleaning  bare  metal  and^all 
painted  metal  and  wood  surfaces.  It  is  a  heavy- 
duty  cleaner  for  removal  of  oil,  grease,  atmo- 
spheric films,  industrial  films,  mud,  sand,  and 
soils  of  all  types.  It  is  also  used  for  removal  of 
paralketones  and  similar  corrosion  preventive 
compounds. 

Both  types  (I  and  II)  of  this  compound  must 
be  mixed  with  Stoddard  Solvent  or  mineral 
spirits  prior  to  use.  A  ratio  of  1  part  compound 
to  3  to  9  paYts  of  solvent  is  recommended. 
Heavy  soils  require  the  heavier  concentration. 
The  heavy  concentrations  clean  best  when  the 
ambient  temperature  is  high. 

For  best  results  this  compound  should  be 
sprayed  on  the  dry  surface  and  then  brushed 
thoroughly.  Moist  or  water-wetted  surfaces  re- 
duce the  emulsion  action.  It  can  be  used  for 
hand,  wipedown  or  hand  scrubbing  on  small 
areas!  Regardless  of  the  method  of  application, 
the  emulsion  compound  and  loosened  soil 
should  be  thorouglily  flushed  away  with'  high- 
pressure  fresh  water. 

CLEANING  COMPOUND,  SOLVENT, 
GREASE  EMULSIFYING,  TYPE  II.-This  is  a 
liquid  emulsifying  compound  containing 
phenolic  materials.  (Phenolic  materials  are  ob- 
tained from  the  distillation  of  many  organic 
substances  such  as  wood,  coal,  etc.,  and  from 
coal  tar.  The  popular  name  for  the  phenols  is 
carbolic  acid.)  Due  to  the  acid  content  and  type 
of  cleaning  for  which  designed,  its  use  is  very 
limited.  Type  II  cleaning  compound  is  designed 
for  the  heaviest,  toughest  cleaning  jobs,  but  its 
acidity  renders  it  harmful  to  many  materials. 

CLEANING  COMPOUND,  WATER  EMUL- 
SION.-This  is  a  liquid  emulsifying  agent  con- 
taining soap  and  water,  whichBs  used  in  solution 
with  4  to  20  parts  fresh  waiter  for  the  heavy- 
duty  removal  of  oil,  greasej  industrial  films, 
mud,  sand,  and  soils  of  all  types.  It  is  also  used 
in  the  removal  of  chalking  formed  on  epox> 
surfaces.  This  material  is  applied  by  spray  or 
brush  to  cold,  wet  surfaces,  brushed  lightly  and, 
ifter  10  to  15  minutes  dwell  time,  thoroughly 
flushed  with  fresh  water.  Dwell  time  should  be 
reduced  2  to  3  minutes  on  hot  surfaces  to  avoid 
drying  and  streaking. 
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Soaps  and  Detergent  Qeaners 

There  is  a  variety  of  materials  available  in  this 
category  for  mild  cleaning  use.  In  this  section, 
only  some  of  the  more  commonly  used  materials 
are  discussed. 

CLEANING  COMPOUND,  TYPE  I 
(POWDER)  AND  TYPE  11  (LIOUID).-These 
soaps  are  used  in  general  cleaning  of  painted  and 
unpainted  surfaces  for  the  removal  of  light-to- 
medium  soils,  operational  films,  oils,  and  grease. 
They  are  safe  to  use  on  all  surfaces,  including 
fabrics,  leather,  and  transparent  plastics. 

CLEANING  COMPOUND,  WATERLESS.- 
This  cleaning  compound  is  intended  for  use  on 
painteji  and  unpainted  surfaces  in  heavy-duty 
cleaning  operations  under  conditions  where 
fresh  water  for  rinsing  is  not  readily  available  or 
where  freezing  temperatures  do  not  permit  the 
use  of  water.  It  is  a  relatively  nontoxic,  noncor- 
rosive,  stable,  nonflowing  gel,  and  its  detergent 
properties  enable  it  to  serve  as  an  agent  for  the 
removal  of  grease,  tar,  wax,  carbon  deposits,  and 
exhaust  stains.  This  cleaner  is  applied  with  a 
dampened  cloth  or  sponge  except  in  freezing 
weather  when  a  dry  applicator  ;hould  be  used. 

Mechanical  Geaning  Materials 

Mechanical  cleaning  materials  such  as  abrasive 
papers,  polishing  compounds,  polishing  cloths, 
wools,  wadding,  etc.,  are  available  in  the  supply 
system  for  use  as  needed.  However,  their  use 
must  be  in  accordance  with  directions  supplied 
with  the  material  if  damage  to  finishes  and 
surfaces  is  to  be  avoided. 

ALUMINUM  OXIDE  PAPER.- Aluminum 
oxide  paper  (300  grit  or  finer)  is  available  in 
several  forms  and  is  safe  to  use  on  most  surfaces 
since  it  does  not  contain  sharp  or  needlelike 
abrasives  which  can  embed  themselves  in  the 
base  metal  being  cleaned  or  in  the  protective 
coating  being  maintained.  The  use  of  carbo- 
rundum (silicon  carbide)  papers  as  a  substitute 
for  aluminum  oxide  paper  should  be  avoided. 
The  grain  structure  of  carborundum  is  sharp, 
and  the  material  is  so  hard  that  individual  grains 
can  penetrate  and  bury  themselves  even  in  steel 
surfaces. 


POWDERED  PUMICE.-The  material  is  simi- 
lar to  Bon  Ami;  which  may  also  be  used..  The 
pumice  is  used  as  a  slurry  with  water  and  is 
applied  to  the  surface  of  most  metals  witji  clean 
rags  and  bristle  brushes. 

IMPREGNATED  COTTON  WADDING.- 
Cotton  which  has  been  impregnated  with  a 
cleaning  material  is  used  for  the  removal  of 
exhaust  gas  stains  and  for  polishing  corroded 
aluminim  surfaces.  It  is  also  used  on  other  metal 
surfaces  to  produce  a  high  reflectance. 

ALUMINUM  METAL  POLISH.-Aluminum 
metal  polish  is  used  to  produce  a  high-luster, 
long-lasting  polish  on  unpainted  aluminum-clad 
surfaces.  It  is  not  used  on  anodized  surfaces  as  it 
will  remove  the  oxide  coating. 

ALUMINUM  WOOL.-Three  grades  of  alu- 
minim wool-coarse,  medium,  and  fine- are 
stocked  for  general  abrasive  cleaning  of  alu- 
minum surfaces. 

LACQUER  RUBBING  COMPOUND,  TYPE 
III. -For  the  removal  of  engine  exhaust,  and 
minor  oxidation,  lacquer,  rubbing  compound, 
Type  HI,  may  be  used.  Heavy  rubbing  over  rivet 
heads  or  edges  where  protective  coatings  may  be 
thin  should  be  avoided  as  the  coverings  may  be 
damaged  most  easily  at  these  points. 

Chemical  Geaners 

Chemical  cleaners  must  be  used  with  great 
care.  The  danger  of  entrapping  corrosive  mate- 
rials between  layers  of  metal  and  at  seams 
counteracts  any  advantages  in  their  speed  and 
effectiveness.  All  materials  used  must  be  rela- 
tively neutral  and  easy  to  remove.  It  is  im- 
portant that  al!  residues  from  this  type  cleaning 
be  removed.  Soluble  salts  from  chemical  surface 
treatments  such  as  chromate  acid  ordichromate 
treatment  will  liquify  and  promote  blistering  in 
the  paint  coatings. 

PHOSPHORIC-CITRIC  ACID  MIXTURE.^ 
This  chemical  surface  cleaner  is  available  in 
Types  I  and  II.  Type  I  is  a  ready-to-use 
prepackaged  mixture.  Type  II  is  a  concentrate 
which  must  be  diluted  with  mineral  spirits  or 
water  as  required.  The  mixture  is  applied  to  the 
surface  to  be  cleaned  with  a  soft  brush,  rag,  or 
sponge,  using  a  circular  brushing  motion  in  order 
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to  loosen  the  surface  film.  After  a  15-minute 
uwell  time,  this  acid  mixture  should  be  thor- 
oughly flushed  from  the  cleaned  surface  with 
.  fresh  water. 

BICARBONATE  OF  SODA.-This  material, 
commonly  known  as  baking  soda,  should  always 
be  available  to  neutralize  acid  deposits  as  well  as 
to  treat  acid  burns  from  chemical  cleaners  and 
inhibitors.  All  battery  holders,  battery  compart- 
ments of  automotive  vehicles,  and  electric 
powerplants  are  generally  cleaned  with  this 
agent  It  can  also  be  used  to  clean  tarnished 
silver  contacts  by  placing  the  silver-coated  part 
in  contact  wUh  magnesium  metal  and  sub- 
merging the  two  in  a  solution  of  baking  soda  and 
salt, 

AMMONIUM  HYDROXIDE.-In  addition  to 
baking  soda,  ammonium  hydroxide  also  may  be 
used  as  a  neutralizing  agent  for  acid  in  battery 
compartments  and  elsewhere.  Treated  areas 
should  be  rinsed  thoroughly  with  fresh  water 
after  use. 

Qeaning  Equipment 

Cleaning  not  only  requires  the  use  of  correct 
cleaning  materials,  but  also  the  use  of  proper 
equipment  to  produce  efficient  and  satisfactory 
results.  A  specific  cleaning  area  should  be 
prepared  and  equipped  for  performing  cleaning 
operations. 

The  choice  of  equipment  depends  upon  sev- 
eral factors,  such  as  the  amount  of  cleaning  that 
is  regularly  performed,  the  type  of  equipment 
that  is  being  cleaned,  the  location  of  the 
activity,  and  the  availability  of  facilities  such  as 
air,  steam,  and  electricity. 

Some  of  the  equipment  available  for  cleaning 
are  pressure  tank  sprayers,  high-pressure  cleaning 
machines,  immersion  tanks,  and  industrial 
vacuum  cleaners. 

In  addition  to  the  equipment  mentioned 
above,  other  items  such  as  hoses,  spray  guns, 
brushes,  sponges,  and  wiping  cloths  are  required 
for  cleaning.  These  items  are  procured  through 
regular  supply  channels. 

Items  of  personal  protection  such  as  rubber 
gloves,  rubber  boots,  goggles,  and  aprons  should 
be  worn  when  necessary  to  protect  the  clothing 
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and  eyes  from  fumes  and  splashings  of  caustic 
materials. 

Qeaning  Precautions 

Observe  the  following  precautions  to  prevent 
damage  to  equipment~which  has  been  or  is  to  be 
cleaned: 

1.  When  equipment  with  unpainted  metal 
surfaces  has  been  cleaned  and  dried  prior  to 
applying  preservatives,  do  not  handle  except  by 
mechanical  means  or  when  wearing  clean  canvas 
pr  rubber  gloves.  Avoid  touching  cleaned  and 
dried  surfaces  with  bare  hands,  as  perspiration  is 
extremely  corrosive.  If,  under  emergency  condi- 
tions, it  becomes  necessary  to  handle  equipment 
with  bare  hands,  remove  the  resultant  finger- 
prints by  the  method  set  forth  in  the  cleaning 
section  of  this  chapter., 

2.  Handle  equipment  coated  witH  preserva- 
tives by  mechanical  means  only.  If  the  preserva- 
tive coating  is  abraded,  restore  the  affected  area 
after  handling. 

3.  Clean  metal  surfaces  tend  to  corrode  in  a 
short  time.  Apply  preservatives  as  soon  as 
possible  after  cleaning.  If  application  of  pre- 
servatives is  delayed,  coat  the  metal  surfaces 
with  a  preservative  lubricating  oil  until  the 
specified  preservative  can  be  applied, 

4.  Slight  changes  in  the  temperature  and 
humidity  of  the  surrounding  air  may  cause/ 
condensation  of  water  on  metal  surfaces.  When 
applying  preservatives  or  lubricants  to  metal 
surfaces,  maintain  the  temperature  of  the  sur- 
face above  the  dewpoint  of  the  ambient  atmo- 
sphere, to  prevent  condensation  and  retention  of 
water,  which  causes  corrosion  under  the  pro- 
tective film. 

5.  Remove  water  condensed  on  the  equip- 
ment or  treat  the  equipment  with  a  water-dis- 
placing compound  before  application  of  pre- 
servatives. If  cleaning  is  performed  out  of  doors 
under  adverse  weather  conditions,  shelter  the 
operation  with  canvas  or  tarpaulins. 

6.  Process  disassembled  equipment  indoors. 

7.  Avoid  trapping  cleaning  materials  within 
the  equipment.  Take  special  care  to  avoid 
contact  of  cleaning  materials  with  optical  sur- 
faces, dials,  electrical  contacts,  and  painted 
<;urfaces. 
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8.  Do  not  use  immersion  cleaning  on  any 
equipment  containing  nonmetallic  materials,  un- 
less they  will  not  be  affected  by  the  cleaners,  or 
are  masked  for  protection. 

9.  Do  riot  use  alkaline  solutions  such  as 
those"  of  soda  ash,  trisodium  phosphate,  or 
metasilicate  for  cleaning  equipment  with  ex- 
tremely close  tolerances  or  highly  finished  sur- 
faces. 

10.  -Do  not  clean  the  following  metals  in 
alkaline  solutions,  unless  the  solution  is  specified 
for  such  purposes:  Aluminum,  aluminum  aloys, 
zinc,  tin,  teme,  and  lead. 

11.  Do^^'not  use  acid  or  alkaline  solutions  to 
clean  equipment  having  bolted  or  riveted  assem- 
blies, when  there  is  a  possibility  of  trapping 
cleaning  solution  between  joined  members.  The 
solutions  or  their  residues  may  cause  corrosion 
and  damage  paint  coatings.  DD  not  allow  organic 
materials  to  remain  in  contact  with  oxidizers. 

12.  Prepare  acid  cleaning  solutions  accu- 
rately, as  excess  acid  may  attack  copper,  brass, 
bronze,  steel,  and  othermetals. 

13.  Do  not  allow  organic  solvents  to  remain 
in  contact  with  rubber,  electrical  insulation,  or 
organic  coatings. 

LUBRICATION 

Lubrication  is  generally  considered  to  be  for 
reduction  of  friction  and  to  aid  in  dissipation  of 
heat;  however,  many  lubricants  are  specifically 
compounded  for  the  purpose  of  corrosion  pre- 
vention. 

The  corrosion-inhibiting  properties  of  a  lub- 
ricant are  almost  equal  in  importance  to  its 
lubricating  properties.  In  some  applications  it 
may  be  necessary  to  reduce  lubrication  quality 
to  obtain  better  protection  against  corrosion. 
Many  metal  parts  are  subject  to  corrosion  when 
exposed  to  moist  air.  The  application  of  oil  or 
grease  to  a  metal  surface  tends  to  protect  it  from 
air  and  moisture,  thus  retarding  corrosion.  It  is 
essential  that  a  lubricant  selected  for  this  pur- 
pose be  one  that  will  remain  on  the  surfaces  to 
be  protected  under  adverse  conditions  of  pres- 
sure and  temperature,  and  be  formulated  so  as 
to  retard  or  prevent  the  formation  of  corrosive 
substances.  Many  of  the  lubricants  discussed  in 
this  chapter  contain  corrosion  in  libitors  and 


other  additives  to  improve  stability  and  other 
properties. 

Corrosion,  particularly  that  resulting  from 
continuous  exposure  to  a  marine  environment,  is 
a  problem  of  major  importance.  Equipment 
which  is  in  temporary  stowage  or  standby 
condition  must  also  be  protected.  In  many 
instances,  it  is  essential  that  equipment  be. 
protected  in  such  a  way  that  its  return  to  active 
service  will  require  only  a  minimum  of  change, 
such  as  removal  of  preservatives.  Greases  con- 
taining corrosion  inhibitors  are  often  used  as 
preservatives  because  they  possess  lubricating 
qualities  and  need  not  be  removed  from  the 
equipment  when  it  is  reactivated. 

Lubricants 

Lubricants  for  ground  support  equipment  are 
selected* on  the  basis  of  the  following  desired 
characteristics: 

1.  Maximum  reduction  of  friction  between 
the  surfaces  involved. 

2.  Corrosion  inhibiting  quality. 

3.  Stability  over  a  wide  range  of  tempera- 
tures. 

4.  Ability  to  withstand  high  pressures. 

5.  Nonvolatility  at  operating  temperatures. 

6.  High  resistance  of  oxidation  and  con- 
sequent formation  of  acids,  gums,  "Sludges,  and 
carbon. 

7.  Resistance  to  emulsification. 

8.  Maximum  resistance  to  contamination 
under  the  environmental  conditions  of  the  par- 
ticular application. 

Although  various  lubricants  are  described 
herein  and  certain  properties  listed,  the  appli- 
cable specification  should  be  consulted  and  all 
properties  and  characteristics  of  the  material 
reviewed  prior  to  its  selection  for  a  specific 
application. 

It  is  not  feasible  to  cover  all  the  lubricants 
available  to  the  fleet  in  this  course.  However, 
lubricants  that  are  most  commonly  used  by  the 
ASE  are  discussed. 

PETROLEUM-BASE  LUBRICATING 
OILS.-Petroleum-base  lubricating  oils  or  min- 
eral oils  refined  from  petreleum  are  composed 
mainly  of  hydrocarbons.  The  impc-tant  proper- 
ties of  the  oils  are  viscosity,  viscosity  index, 


;  :J:;.i 


Chapter  16  -  CORROSION  PREVENTION  AND  CONTROL 


poor^pint,  resistance  to  deterioration,  and 
retardation  of  corrosion.  Viscosity  depends 
largely  on  the  fraction  of  petroleum  selected. 
Certain  additives  are  used  to  improve  properties 
such  as  viscosity  index,  pour  point,  stability 
(oxidation  resistance),  and  corrosion  prevention. 
Oils  containing  corrosion  inhibitors  should  be 
used  where  standby,  storage  and  continued  ex- 
posure are  involved. 

SYNTHETIC  OILS.-Synthetic  oils,  com- 
posed largely  or  entirely  of  synthetic  materials, 
provide  satisfactory  lubrication  and  corrosion 
prevention  under  conditions  where  petroleum- 
base  lubricants  are  unsuitable.  It  should  be 
noted  that  synthetic  oils  have  a  greater  deterio- 
rating effect  on  rubber  materials,  "certain  in- 
sulators, and  organic  coatings  than  petroleum- 
base  oils*  Before  substituting  synthetic  lubri- 
cants for  other  synthetic  lubricants  oi  for 
petroleum-base  lubricants,  be  certain  that  they 
^111  not  have  a  rapid  deteriorating  effect  on 
rubber  or  other  organic  materials  which  the 
lubricant  contacts. 

GREASES^-Greases  are  mixtures  of  oils  and 
soaps  or  other  thickening  agents*  The  oils  may 
.  be  petroleum  base,  synthetic,  or  mixtures  of 
these,  Ureases  with  synthetic  oils  are  used  in 
applications  where  the  requirements  are  such 
that  petlroleum-base  oils  are  not  adequate.  It  is 
to  be  nhttd  that  greases  with  synthetic  oils  have 
a  greater  deteriorating  ^effect  on  rubber  mate- 
rials, certain  insulators,  and  organic  coatings 
than  those  Avith  petroleum  oils.  Soaps  of  metali 
such  as  sodium,  calcium,  lithium,  or  lead  may  be 
used.  The  soap  helps  to  retain  the  lubricant  on 
surfaces  and  in  places  where  it  might  otherwise 
leak^jj^in,  or  be  thrown  off.  Greases  are 
soiftetiines  used  to  iwovide  a  water  or  dirt  seal. 
Tri*  preferred  greases  are  those  which  pass  salt 
spray  and  copper  corrosion  stability  tests.  Some 
greases  contain  additives  to  increase  their  load- 
carrying  capacity. 

The  con^stency,  plasticity  or  flow  character- 
istics under  pressure,  and  other  properties  of  a 
grease  depend  drt  the  types  and  proportionjs  of 
oils  and  thickening  agents.  Greases  containing 
lithium  or  sodium  soaps  generally  have  higher 
dropping  points  than  those  containing  other 
soaps  and  are  therefore  more  suitable  for  use  at 
higher  temperatures.  Calcium-soap  grease  is  used 
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where  the  highest  water  resistance  is  required. 
Generally,  the  sodium-soap  greases  are  not  water 
resistant  and  should  not  be  used  in  such  appli- 
cations unless  the  water-resistance  property  is 
controlled  by  the  specification.  Lithium-soap 
greases  are  used  in  many  applications  because  of 
their  high  degree  of  stability  over  a  wide 
temperature  range  and  their  excellent  preserva- 
tive properties. 

The  texture  (fibrous,  smooth,  or  buttery)  of  a 
grease  depends  principally  on  the  nature  of  the 
thickener  used.  A  mixture  of  calcium  and 
lead-based  soaps  is  often  used  to  obtain  specific 
properties  such  as  high  load  capacity. 

There  are  many  types  of  grease  available  to 
the  ASE  for  use  on  ground  support  equipment. 
However,  before  selecting  a  grease  for  use  on  a 
particular  piece  of  equipment,'  refer  to  the 
instructions  covering  the  equipment  fox.  the 
grease  that  is  specified  for  use.  * 

OIL,  PRESERVATIVE,  HYDRAULIC 
EQUIPMENT.-This  oil  is  used  in  the  preserva- 
tion\  of  hydraulic  systems  and  components,  and 
is  similar  in  appearance  to,  but  is  not  inter- 
changeable with,  operating  hydraulic  oi  "here- 
fore,  before  using  operating  hydraulic  on  {MIL- 
H-5606)  or  this  preservative  oU  (MIL-H-6083) 
for  I  any  purpose,  the  specification  number 
should  be  checked  to  ascertain  that  the  correct 
oil  is  bel|g  used.  The  preservative  oil  contains 
oxidation  and  rust  inhibitors,  viscosity  improver, 
and  antiwear  agents.  Hydraulic  parts  and  com- 
ponents being  turned  in  for  screening  and  repair 
are  flushed  and  drip  drained  with  MIL-H-6083 
oil  prior  to  being  forwarded. 

Designed  primarily  for  hydraulic  components, 
this  oil  may  be  used  on  any  bare  surface  that 
needs  protection.  For  example,  operating  hydrau- 
lic oil,  MIL-H-5606,  wUl  protect  a  steel  panel 
immersed  in  water  for  only  about  48  hours 
while  the  same  metal  panel,  coated  with  MIL- 
H-6083  hydraulic  oil,  will  show  100  percent 
protection  for  a  i^eriod  of  30  days  or  more. 

LUBRICATING  OIL,  GENERAL  PURPOSE, 
PRESERVATIVE  MIL-L-644.~There  are' several 
different  types  of  lubricating  oil,  some  of  which 
contain  preservatives.  In  order  to  be  absolutely 
sure  that  the  proper  oil  is  used  in  a  given 
situation,  each  must  be  identified  with  its 
specification  number.  The  specification  number 
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for  the  oil  discussed  in  this  section  is  MIL-L-644. 

MIL-L-644  was  compounded  for  lubrication 
and  protection  of  systems  whenever  a  water-dis- 
placing, low  temperature,  lubricating  oil  is  re- 
quired. Many  manufacturers  recommend  this  oil 
for  use  in  external  piano  type  hinges  as  it  will 
force  out  and  take  the  place  of water 
entrapped  between  the  hioge  pin  aiid  the  tangs. 

LUBRICATING  OIL,  GENERAL  PURPOSE, 
LOW  TEMPERATURE.-This  general  purpose 
oil  (specification  number  MIL-L-7870)  is  inter- 
changeable with  MIL-L-644  oil  and  recom- 
mended over  MIL-L-644.  It  is  suitable  for  use 
anywhere  that  a  general  purpose  lubricating  oil 
with  low  temperature,  low  viscosity,  and  cor- 
rosion-preventive properties  is  required. 

Application  mav  be  by  brush,  spray,  dip,  or 
general  squirt  can.  It  is  not  necessary  to  remove 
before  reoiling  or  for  inspection. 

LUBRICATING  OIL,  PRESERVATIVE, 
MEDIUM,  MIL-L-3150.  This  is  a  mineral  base, 
medium  grade  lubricating  oil  with  inhibitors  for 
the  protection  of  ferrous  and  nonferrous  metals. 

MIL-L-3150  is  intended  for  use  in  preserving 
some  equipments  for  periods  of  30  days  or 
more.  Equipments  preserved  with  this  material 
must  be  cleaned  and  relubricated  before  use. 
The  lubricant  can  be  readily  removed  with 
Stoddard  Solvent  P-S-661.  • 

It  may  be  applied  by  the  brush,  dip,  or  spray 
method  in  temperatures  above  20""  F.: 


Lubrication  Instructions 

For  proper  lubrication  of  the  various  com- 
ponents of  ground  support  equipment,  such  as 
bearings,  sliding  parts,  linkages,  and  gearing, 
follow  the  lubrication  charts  and  instructions 
furnished  for  the  particular  equipment  or  for  the 
generat  type  of  equipment.  The  charts  and 
instructions  are  revised  frequently,  and  it  is 
important  that  the  latest  revision  be  used,  as  the 
applicable  manuals  accompanying  the  equip- 
ment do  not  necessarily  agree  with  the  current 
lubrication  instructions  and  charts. 

LUBRICANT  CONTAMINATION.- 
Prevention  Of  either  accidental  or  deliberate 
contamination  of  lubricants  and  fluids  used  in 
ground  support  equipment  is  of  great  im- 


portance. Foreign  materials  such  as  dirt,  metal 
particles,  and  water  may  render  equipment 
inoperable  or  cause  severe  wear  or  damage.  Even 
minute  foreign  particles  can  affect  adjustment  or 
cause  faulty  operation  of  delicate  instruments* 
The  following  precautions  should  be  strictly 
observed: 

K  All  surfaces,  fittings,  oil  and  grease  cups, 
and  applicators,  such  as  grease  guns,  oilcans, 
pressure  lubricators,  spray  guns,  spatulas,  and 
brushes  should  be  thoroughly  cleaned  before 
using. 

2.  Containers,  of  lubricants  and  fluids  should 
be  kept  tightly  closed  when  not  in  use  and 
should  be  carefully  protected  against  entrance  of 
foreign  materials  when  opened. 

3.,  Material  which  is  suspected  of  being  con- 
taminated, because  of  its  unusual  appearance 
ishould  not  be  used  unless  close  examination 
I  reveals  that  it  is  free  of  solid  particles,  or  tests 
Ishow  it  to  be  in  conformance  with  the  require- 
Iments  of  the  applicable  specification. 

4.  Workshop  or  shipboard  locations  where 
lubrication  or  preservation  is  carried  on  should 
be  kept  clean  and  orderly, 

PRESERVATION 

Suitable  protection  against  corrosive  attack  is 
achieved  essentially  by  placing  a  barrier  between 
the  cleaned  surface  that  is  to  be  |  protected  and 
any  possible  source  of  moisture.  During  manu- 
facture or  overhaul,  protective  barriers  such  as 
electroplate,  paint,  or  chemical!  surface  treat- 
ment are  provided.  Surfaces  that  cannot  be  so 
treated,  and  in  some  instances  the  treated 
surfaces  themselves,  must  be  covered  with 
special  corrosion-preventive  compounds.  The 
protection  these  compounds  give  is  effective 
only  if  no  moisture,  dirt,  or  active  corrosion  is 
present  on  the  treated  surface.  It  is  essential, 
therefore,  *  that  the  equipment  be  thoroughly 
clean  and  dry  before  a  preservative  compound  is 
applied.  It  is  also  necessary  that  an  unbroken 
film  of  preservatives  be  applied  in  as  moisture- 
free  an  atmosphere  as  practicable. 

Compounds  alone  do  not  provide  complete 
protection.  Tapes,  barrier  paper,  and  sealing 
devices  must  also  be  used  to  seal  off  openings 
which,  if  allowed  to  remain  open  during  long- 
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time  stowage,  would  permit  the  entry  of  mois- 
ture  and  dirt.  To  provide  additional  protection 
against  corrosion,  a  complete  moisture  barrier  is 
sometimes  provided.  Internal  areas  that  have 
been  sealed  off  are  dehydrated  by  mstalling 
desiccants  (moisture  absorbents)  to  remove  en- 
trapped moisture  unless  the  cavity  is  protected 
with  a  vapor  corrosion  inhibitor,  Wlien  any  areas 
cannot  be  sealed  adequately,  provision  must  be 
made  for  ventilation  and  moisture  drainage. 

When  certain  ground  support  equipment  is 
not  being  used  regularly,  its  components  are 
required  to  be  preserved.  The  type  of  oil  or 
other  protective  treatment  which  is  to  be 
applied  subsequently  depends  upon  the  antici- 
pated period  of  idleness.  / 

In  maintenance  of  met^l  surfaces,  preserva- 
tion means  supplementing  the  protection  al- 
ready present,  or  providiilg  temporary  pro- 
tection to  damaged  areas,  by  the  use  of  various 
protective  coatings  and  barripr  materials.  A  brief 
description  of  some  of  the  more  cominon 
materials  used  in  preservation  is  included  in  the 
following  paragraph>s. 


Compound,  Corrosion- 
Preventive,  Solvent  Cutback 

This  material  is  familiarly  known  as  '*paral- 
ketone."  It  is  supplied  in  four  grades  for  specific 
application.  All  grades  of  this  compound  may  be 
applied  by  brush,  dip,  or  spray.  They  may  be 
easily  removed  with  Stoddard  Solvent  or  mineral 
spirits.  These  materials  are  designed  for  cold 
application.  Prior  to  use  of  this  solvent  cutback 
material,  the  specification  should  always  be 
checked  to  ascertain  that  the  correct  grade  is 
chosen  for  the  specific  application. 

Grade  1  forms  a  dark,  hai^d-film,  opaque 
cover.  Its  general  use  is  limited  because  of  the 
difficulty  in  removing  aged  coatings  and  also 
because  of  the  hiding  power  of  the  material 
when  it  is  applied  over  corroded  areas.  This 
material  is  used  only  where  maximum  pro- 
tection against  salt  spray  is  required. 

Grade  2  is  a  soft-film,  grease  type  material 
that  can  be  used  on  most  operating  parts.  Its 
chief  disadvantage  is  the  fact  that  it  may  be 
waihed  off  under  direct  exposure  to  sail  water 
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or  fnay  be  removed  by  inadvertent  wiping.  It 
protects  under  relatively  severe  conditions  and, 
given  adequate  maintenance  and  touchup  as 
necessary,  ran  be  used  for  most  maximum 
protection  requirements. 

Grade  3  is  a  very  light,  water-displacing  pre- 
servative, with  the'abtlity--ef  penetrating  under 
surface  water  and  forming  a  protective  film^on 
the  metal.  This  material  is  mosL  effective  in 
treatment  of  equipment  or  components  after 
direct  exposure  of  critical  surfaces  to  water  or 
firefighting  chemicals,  or  for  internal  protection 
of  water-carrying  systems.  This  'grade  itself 
offers  only  limited  protection  for  short  periods 
of  time  and  must  be  supplemented  by  frequent 
maintenance  or  heavie*-  materials^  as  soon  as 
practicable. 

Grade  4  preservative  forms  thin,  semi- 
transparent  films  through  which  identification 
data  can  usually  be  read.  It  also  sets  up  relatively 
dry  to  the  touch  so  that  preserved  parts  may  be 
easily  handled.  This  grade  has  proved  parti- 
cularly effective  in  protecting  wheel  well  areas 
and  other  exposed  surfaces  where  film  trans- 
parency is  required  and  moderate  protective 
characteristics  can  be  tolerated.  The  main  dis- 
'advantages  of  this  material  are  that  it  is  easily 
removed  by  water  spray  and  requires  replace- 
ment at  1 -month  intervals  under  severe  exposure 
Conditions. 

These  preservatives  are  designed  for  hot 
application  and  are  available  in  ?wo  classes- 
Class  1  (hard  film)  and  Qass  3  (soft  film).  Both 
consist  of  corrosion  inhibitors  in  petroleum. 
They  are  removed  with  Stoddard  Solvent  or 
mineral  spirits.  Where  a  hard  film  is  not  neces- 
sary. Class  3  should'  always  be  used  as  it  is  easier 
to  apply  and  remove  yet  renders  the  same  degree 
of  protection.  Class  1  is  generally  used  for 
longtime  indoor  protection  of  higlilj^  finished 
metal  surfaces.  Class  3  is  used  to\  provide 
protection  of  metal  surfaces  such  as  antifriction 
bearings,  pistons,  and  other  bright  metal  sur- 
faces. 

Class  1  must  be  heated  to  nO"*  to  200**  F 
before  applying  by  brush  or  dip.  Fo*-  brushing 
Class  3  material,  it  must  be  between  60°  and 
120°  F,  and  for  dipping,  between  150°  and  180° 
F.  ^ 
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Packaging  and  Barrier  Materials 

WATER-VAPORPROOF  BARRIER  MATE- 
RIAL. -  Tins  material  is  a  laminated  metal  foil 
barrier  that  has  good  water-vapor  resistance  and 
can  be  used  for  protection  of  acrylics  during 
cleaninig,  and  for  necessary  packaging  of  re- 
moved components  and  accessories  being  re- 
turned to  overhaul.  It  is  heat  scalable  with  a 
soldering  or  clothes  iron. 

POLYETHYLENE  PLASTIC  FILM.-This 
barrier  material  is  used  for  the  same  purposes  as 
the  metal  foil  barrier  material  and  is  much  less 
expensive.  It  is,  however,  not  puncture  resistant. 
The  plasticjfihn  is  heat  sealable  only  with  special 
equipment 

POLYHTHYLENE  COATED  CLOTH.-Cloth 
of  this  tyie  is  used  to  a  greater  extent  in  ground 
support  /quipment  covers.  Its  use  is  preferred 
over  the /plastic  film  material  for  general  shroud- 
ing bec/use  of  its  greater  tear  and  puncture 
resistance. 

TArJ,  federal  SPECIFICATION  PPP-T-6, 
TYPE/i,  CLASS  l.-This  pressure-sensitive  tape 
is  usyd  for  closure  of  small  openings  and  ftr 
direo^  contact  use  on  noncritical  metallic  sur- 
faces. The  tape  has  moderate  water-vapor  re- 
sispnce,  which  is  generally  :iderMate  for  mainte- 
n/nce  use.  The  main  disadvantage  of  this  tape  is 
tAat  some  cloth-backed  materials  have  not  been 
freshrunk,  and  tape  closures  tend  to  pull  loose 
when  exposed  to  high  humidity  conditions. 
/ 

Stowage  of  Lubricant'^, 
and  Related  Materials 

Lubricants  and  related  materials  may  be 
stowed  for  long  or  short  periods  before  use. 
Although  they  are  relatively  stable,  they  are  not 
inert,  and  proper  stowage  methods  are  im- 
portant. 

Many  factors  contribute  to  the  deterioration 
of  materials  in  stowage.  The  nature  of  the|r 
constituents  makes  them  more  or  less  suscep- 
tible to  chemical  and  physical  changes,  which 
are  accelerated  by  elevated  temperatures, 
humidity,  exposure,  and  the  presence  of  certain 
catalysts.  Principal  physical  changes  are  separa- 
tion and  contamination.: 
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Oxidation  is  the  most  common  chemical 
reaction  in  stowed  materials.  It  occurs  when  the 
material  is  exposed  to  air,  particularly  moist  air, 
and  is  accelerated  by  high  temperatur<"s  and  the 
presence  of  certain  catalysts.  Materials  con- 
taining soluble  additives  rray  deteriorate  by 
decomposition  or  precioiU^Mon  of  the  additive., 
Th^se  and  other        .  jes  can  produce 

such  harmful  subs  -ids,  gases,  water, 

insoluble  gum,  and  siuu^t .  Animal  and  Vegetable 
oils  are  generally  lucre  susceptible  to  chemical 
change  than  mineral  oils. 

Physical  changes  include  separation  of  oils 
from  the  spap  component  in  greases,  and  separa- 
tion of  insoluble  additives  from  the  parent 
material  in  oils.  These  changes  may  not  be  as 
serious  as  chernical  changes,  since  thorough 
mixing  may  restore  the  material  to  a  usable 
state. 

Rain,  melted  snow,  and  water  vapor  in  the 
atmosphere  can  contaminate  materials  which  are 
exposed  or ,  improperly  sealed.  Water  vapor 
trapped  in  the  container  prior  to  sealing  can 
condense  when  th^  ambient  temperature  drops. 

Generally,  containers  used  to  package  mate- 
rials supplied  undet  specification  requirements 
are  suitable  for  stowage  purposes.  The  effects  of 
overheating,  insufficient  ventilation,  and 
pro;(imity  to  dangerous  materials  must  be  con- 
sidef&d  when  handling  and  stowing  lubricants 
and  related  materials.  Good  housekeeping  in 
handUng  and  stowage  areas  should  be  stressed  at 
all  times. 

All  stowage  areas  ^ould  have  foundations  of 
steel,  concrete,  or  adequately  treated  wood. 
Facilities  for  proper  drainage  should  be  provided 
at  all  times. 

Containers,  when  stowed,  should  be  handled 
carefully  to  avoid  breakage.  If  they  are  stacked, 
overloading  of  the  lower  ones  should  be  avoided, 
as  this  may  open  seams  and  permit  loss  of 
material.  To  prevent  accumulation  of  water 
their  upper  ends,  drums  should  be  stowed  on 
their  sides. 

Containers  from  which  material  is  occasion- 
ally being  drawn  should  be  kept  tightly  closed 
when  nctiin  use  and  should  be  stowed  with  the 
-  bung  or  outlet  in  the  up  position  and  securely 
tightened.  Solvent  containers  should  be  kept  out 
of  the  sur^  and(  away  from  heat  at  all  times. 
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Lubricants  and  related  materials  should  be 
segre'  ted  from  explosives  and  other  dangerous 
materials. 

Before  cont  e  stowed,  inspect  for 

conosion,  leak;  ^  complete  closure  of  all 
plugs,  caps,  and  covers.  Remove  all  corrosion 
and  repaint  the  affected  areas. 

During  stowage,  inspect  containers  frequently 
for  leakage  and  corrosion.  If  tests  indicate  that 
the  contents  of  leaking  containers  are  in  satisfac- 
tory condition,  the  materials  should  be  trans- 
ferred immediately  to  serviceable  containers. 
Remove  and  destroy  leaky  containers. 

Inspect  stowage  areas  for  , adequate  drainage, 
foundations,  and  properly  placed  undamaged 
tarpaulins.  Correct  immediately  all  deficiencies 
found  during  inspection. 

Vapors  from  oils,  greases,  solvents,  and  similar 
products  are  flammable.  When  combined  with 
air  in  certain  concentrations,  they  may  form 
explosive  mixtures  which  can  be  ignited  easily 
by  a  spark,  open  flame,  or  lighted  cigarette.  To 
prevent  accumulation  of  flammable  vapors, 
stowage  areas  must  be  property  ventilated.  To 
safeguard  against  fire  and  explosion,  display 
warning  signs  prominently,  keep  oil-fire  ex- 
tinguishing equipment  available,  arid  keep  in- 
teriors of  stacks  open  to  permit  entry  of 
firefighting  equipment.  Use  spark-enclosed  fork- 
lift  trucks  only. 

Flammable  materials  such  as  oils,  greases,  and 
solvents,  packed  in  metal  containers  or  over- 
packed  in  fiberboard  or  wood  boxes,  are  best 
protected  when  stowed  in  special  nonflammable 
buildings.  A  temperature  range  of  40""  to  80""  F 
is  the  most  desirable  for  stowage. 

Vapors  from  lubricants  and  related  materials 
may  frequently  have  a  toxic  effect  on  the 
human  system.  Take  every  precaution  to  prevent 
excessive  concentrations  of  such  vapors  in  the 
air. 

When  space  is  limited,  it  may  be  necessary  to 
stow  lubricants  and  related  materials  in  a  general 
stowage  warehouse.  In  this  case,  use  end  bays 
whenever^possfble. 

If  the  lack  of  indoor  stowage  facilities  necessi- 
tates stowing  materials  outdoo/s,  protect  con- 
.tain^^rs  from^Jhe  weather  with  tarpaulins  or 
^sheds  to  reduce  the  likelihood  of  contamination 
by  water.  When  tarpaulins  are  used,  lash  them  in 


place  securely  and  position  them  so  that  air  is 
free  to  circulate  around  the  containers. 

PAINTING 

The  ASE  will  not  be  required  to  involve 
himself  in  extensive  painting  projects,  «ince  the 
ASH  has  the  basic  responsibility  for  painting. 
However,  he  may  be  called  upon  to  aid  in  the 
preparation  of  the  surfaces  to  be  painted  and 
may  even  perform  small  painting  jobs  where  a 
paint  touchup  is  all  that  is  necessary  as  part  of  a 
corrosion-prevention  program.  Therefore,  paint-, 
ing  is  discussed  very  briefly  and  is  pointed 
toward  paint  touchup. 


Surface  Preparation 

Effectiveness  of  any  paint  finish  and  its 
adherence  to  the  surface  depend  on  the  careful 
preparation  of  the  surface  prior  to  painting. 
First,  all  loose  paint  must  be  brushed  off,  and 
curied  or  flaky  edges  must  be  removed  if  good 
adhesion  is  to  be  attained.  The  touchup  paint 
should  overtap  the  existing  good  paint  surface. 
The  touchup  materials  will  not  adhere  to  glossy 
finishes  and  the  rough  edge  of  the  area  being 
painted  may  chip  away  unless  it  is  smoothed.  To 
break  the  glossy  finish  and  to  feather  (smooth 
out)  the  ^dges  for  overiap,  scuff-sand  with 
abrasive  paper  of  the  appropriate  type,  de- 
pending upori  the  type  of  surface  being  repaired. 
This  paper  should  be  a  fine  abrasive  material,  or 
a  pumice  slurry  in  water  may  be  used  in  its 
place.  The  sanded  pattern  should  provide  about 
a  one-half  inch  overtap  for  the  new  paint.  After 
the  abrasive  operation  is  completed,  wash  the 
area  with  fresh  water  to  remove  all  abrasive 
residues. 

/  Next,  all  sanded  areas  and  exposed  baremetal 
/surfaces  are  wiped  down  with  tight  mineral 
'  spirits  solvent  or  alcohol,  followed  by  a  washing 
with  detergent.  Remove  any  loosened  seam 
sealants  in  the  area  to  be  touched  up  and  replace 
as  necessary;  this  includes  securing  any  loose 
rubber  seals.  The  area  to  be  painted  is  then 
outlined  with  masking  tape  and  masked  with 
masking  paper  to  protect  adjoining  surface  areas 
from  overspray  and  excessive  paint  buildup. 
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CORROSION  REMOVAL 

Corrosion  removal  operations  and  method:^ 
vary  considerably,  and  are  det)endent  mainly 
upon  the  type  material  of  which  the  equipment 
is  constructed.  Approved  methods  of  corrosion 
removal  for  several  types  of  metal  are  described 
briefly  in  the  following  paragraphs.  The  use  of 
chemicals  for  treatment  of  metal  corrosion  is 
discussed  in  the  next  section,  and  painting  to 
prevent  corrosion  is  described  in  the  last  section.. 


REMOVAL  FROM  ALUMINUM 

There  are  three  types  of  aluminum  surfaces 
insofar  as  corrosion  removal  is  concerned.  They 
are  clad,  anodized,  and  exfoliated. 


Qad  Alumtnum  Surfaces 

Pure  aluminum  has  considerable  corrosion 
resistance  compared  to  aluminum  alloys,  but  has 
little  or  no  structural  strength.  It  has  been 
learned  that  an  extremely  thin  sheet  of  pure 
aluminum  laminated  onto  each  side  of  an 
aluminum  alloy  sheef  improves  the  corrosion 
resistance  with  little  impairment  of  strength. 
The  trade  name  of  this  aluminum  laminate,  as 
originated  by  the  Aluminum  Company  of 
America,  is  "Alclad.'*  From  this  trade  name  has 
derived  the  adjective  **clad"  and  the  verb  **clad- 
ding."  Not  all  sheet  aluminum  is  clad,  especially 
those  alloy  sheets  from  which  small  brackets, 
gussets,  fittings,  etc.,  are  made.  The  pure  alu- 
minum is  very  softoand  the  fabrication  processes 
would  severely  damage  ol  destroy  the  clad 
surfaces. 

To  remove  corrosion  from  clad  surfaces  the 
corroded  areas  should  be  hand  polished  with 
household  abrasives  such  as  Bon  Ami  or  Ajax,  or 
with  a  specification  metal  polish,  MIL-P-6888. 
The  specification  polish  effectively  removes 
stains  and  produces  a  high-gloss,  lasting  polish 
on  unpainted  clad  surfaces.  If  a  surface  is 
particularly  difficult  to  clean.  Compound, 
Cleaner  and  Brightener.  Aircraft  Surfaces,  Type 
II  (specification  MIL-C-5410),  may  be  used. 


Mixed  50-50  percent  with  solvent  or  mineral 
spirits,  this  compound  used  before  polishing  will 
shorten  the  time  and  lessen  the  effort  neces^sary 
to  get  a  clean  surface..  During  both  the  foregoing 
polishing  and  brightening  operations,  care  must 
be  taken  to  avoid  unnecessary  mechanical  re- 
moval of  the  protective  clad  layer  and  the 
exposure  of  more  susceptible,  but  stronger, 
aluminum  alloy  base. 

If  there  is  any  superficial  corrosion  present,  it 
should  be  treated  by  wiping  down  with  an 
inhibitive  material  such  as  the  Chemical  Surface 
Films  for  Aluminum  Alloys,  available  under 
specification  MIL-C-5541.  Allow  the  solution  to 
remain  on  the  corroded  area  for  5  to  20 
minutes,  and  then  remove  the  excess  by  wiping 
the  surface  dry  with  clean  cloths.  If  the  alclad 
material  is  to  be  used  in  the  unpainted  con- 
dition, it  may  nOw  be  overcoated  with  an 
approved  wax  which  is  of  the  waterproof, 
solvent  type.  If  the  treated  alclad  surface  is  to  be 
painted,  no  wax  is  used,  and  the  paint  pretreat- 
nient  is  applied  instead. 


Anodized  Aluminum  Surfaces 

Anodizing  is  the  most  common  surface  treat- 
ment of  nonclad  aluminum  alloy  surfaces.  The 
aluminum  alloy  sheet  or  casting  is  the  positive 
pole  in  an  electrolytic  bath  in  which  chroriiic 
acid  or  other  oxidizing  agent  produces  an 
aluminum  oxide  film  on  the  metal  surface. 
Aluminum  oxide  is  naturally  protective,  and 
anodizing  merely  increases  the  thickness  and 
density  of  the  natural  oxide  film.  When  this 
coating  is  damaged  in  service,  it  can  only  be 
partially  restored  by  chemical  surface  treat- 
ments. Therefore,  any  processing  of  anodized 
surfaces,  including  corrosion  removal,  should 
avoid  unnecessary  destruction  of  the  oxide  film. 

Aluminum  wool,  aluminum  wire  brushes,  or 
fiber  bristle  brushes  are  the  approved  tools  for 
cleaning  anodized  surfaces.  The  use  of  steel 

r  harsh  abr 
surfaces  is 

hibited.  Producing  a  \)uffed  or  wire  brush  finish 
by  any  means  is  also  prohibited.  Otherwise, 
anodized  surfaces  are  treated  in  much  the  same 
manner  as  other  aluminum  finishes. 


wool,  steel  wire  brushes,  or  harsh  abrasive 
materials  on  any  aluminum  surfaces  is  pro- 
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Exfoliated  Surfaces 

Exfoliation  is  a  separation  along  the  grain 
boundaries  of  metal  and  is  caused  by  inter- 
granular  corrosion.  More  severe  procedures  must 
be  observed  when  intergranular  corrosion  is 
present.  The  mechanical  removal  of  all  corrosion 
products  and  visible  delaminated  metal  layers 
must  be  accomplished  in  order  to  determin<^  the 
extent  of  destruction  and  to  evaluate  the  re- 
maining structural  strength  of  the  component. 
Metal  scrapers,  rotary  files,  and  other  necessary 
toot^  are  used  to  assure  that  all  corrosion 
products  are  removed  and  that  only  structurally 
scJIund  aluminum  remains.  Inspection  with  a  5- 
10-power  magnifying  glass,  or  tho  use  of  dye 
^..i'&^^ant^  will  aid  in  determining  tf  all  unsound 
metal  and  corrosion  products  have  been  re- 
moved.   When   complete   removal   has  been 
attained,  any  rough  edges  should  be  blended  or 
smoothed  out  even  though  this  involves  the 
removal  of  more  metal.  Grinding,  where  re- 
quired, can  best  be  accomplished  by  using 
rubber  base  wheels  into  which  tiny  particles  of 
aluminum  oxide  abrasives  have  been  impreg- 
nated. 

Chemical  treatment  of  exposed  surfaces  is 
applied  in  the  same  manner  as  for  any  othei 
aluminum  surface. 

REMOVAL  FROM 
IRON  AND  STEEL 

The  most  practical  means  of  controlling  the 
corrosion  of  steel  is  the  complete  removal  of  the 
^corrosion  products  (rust)  by  mechanical  means. 
Except  in  highly  stressed  steel  surfaces,  the  use 
of  abrasive  papers,  small  power  buffers  and 
buffing  compounds,  hand  wire  brushing,  and 
steel  wool  are  all  acceptable  cleanup  procedures^, 
It  is  a  recognized  fact,  however,  that  in  any  such 
uses  of  abrasives,  residual  iron  usually  remains  in 
the  bottom  of  small  pits  and  other  surfaces.  As  a 
result,  a  part  once  rusty  usually  corrodes  agair., 
and  more  easily  than  it  did  the  first  time. 

There  are  approved  methods  for  converting 
active  iron  rust  to  phosphates  and  other  pro- 
tective coatings;  however,  most  of  these  pro- 
cedures require  shop  installed  equipment  and  ar.' 
therefore   impractical   in   the  field.  Another 


disadvantage  of  chemically  inhibiting  iron  rust  is 
the  danger  of  entrapping  these  chemicals  in 
installed  assemblies  where  thorough  flushing  is 
difficult,  thereby  causing  far  more  corrosion 
than  was  originally  present. 

Stainless  Steel  Alloy  Surfaces 

When  processing  corroded  stainless  steel  sur- 
faces in  the  field,  the  following  precautions  must 
be  considered: 

1.  Stainless  steel  surfaces  are   never  wire 
brushed  under  any  conditions. 

2.  If  removal  of  heat  scale  is  Accessary,  the 
part  should  be  removed  and  sent  to  the  nearest 
depot  maintenance  activity  for  the  proper  chem- 
ical treatment. 

3.  In  some  cases,  stainless  steel  components 
may  be  cleaned  by  light  blasting  with  lOO-mesh 
garnet  or  the  equivalent  at  a  pressure  not  to 
exceed -40  psi;  however,  this  requires  special 
equipment  that  is  not  generally  available  in  the' 
field.^ 

REMOVAL  FROM  MAGNESIUM 

Magnesium  corrosion  reprotection  involves 
the  maximum  removal  of  corrosion  products, 
the  partial  restoration  of  surface  coatings  by 
chemical  treatment,  and  a  reapplication  of  pro- 
tective coatings. 

After  cleaning  the  surface  and  stripping  the 
paint,  if  any,  as  much  of  the  corrosion  products 
as  possible  should  be  broken  loose  and  removed 
using  a  stiff  bristle  brush.  Steel  wire  brushes, 
carborundum  abrasives,  or  steel  cutting  tools 
should  not  be  used. 

Tlie  corroded  area  is  treated  liberally  with  a 
solution  of  chromic  acid  and  battery  electrolyte. 
The  solution  is  worked  into  pits  and  crevices  by 
brushing  the  area  while  still  wet,  again  using  a 
bristle  rather  than  a  metal  brush.  ?After  the 
chromic  acid  solution  has  remaine^  in  place 
from  5  to  20  minutes,  the  exce^;  should  be 
wiped  off  with  a  damp  cloth.  If  any  excess 
solution  is  allowed  to  dry  on  hny  painted 
surfaces,  the  paint  film  will  be  ruined.  As  soon 
as  the  surfaces  are  dry  after  th^  damp  cloth 
wiping,  the  original  protective  paint  scheme 
should  be  restored. 
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Cadmium-Plated  Surfaces 

As  stated  previously,^  cadmjum  platings  are 
still  offering  sacrificial  protection  even  when 
they  show  mottling  ranging  from  white  to 
brown  to  black  on  their  surfaces.  This  dis- 
coloration should  never  be  removed  for  appear- 
ance sake  alone.  Not  uniil  the  characteristic 
color  peculiar  to  corrosion  of  the  base  metal 
appears  should  steps  be  taken. 

Corrosion  present  should  be  removed  by 
rubbing  lightly  with  stainless  steel  wool.  Under 
no  circumstances  should  a  wire  brush,  stainless 
or  otherwise,  be  used  on  cadmium  plated  sur- 
faces as  these  will  remove  more  plating  than 
corrosion.  After  the  corrosion  has  been  re- 
moved, the  affected  area  should  be  swabbed 
with  a  chromic  acid  solution  and,  after  30  to  60 
seconds,  rinsed  with  clean  fresh  water  and  dried 
with  clean  cloths  or  low-pressure  compressed  air. 
The  part  is  then  ready  for  a  protective  paint 
coating. 


SOURCES  OF  INFORMATION 

One  of  the  biggest  problems  in  corrosion 
prevention  and  control  is  knowing  what  mate- 
rials to  use,  where  to  find  them,  and  the 
limitations  applicabk  to  their  use.  Materials  used 
should  be  those  covered  and  controlled  by 
military  specifications.  Corrosion  prevention  and 
control  information  pertaining  to  materials, 
methods,  and  techniques  is  scattered  throughout 
many  directives  and  instructions.  The  following 
is  a  list  of  sources  of  information  that  should  be 
used  as  a  reference  in  every  unit's  technical 


library  or  in  the  ground  support  equipment 
shop.  Although  these  publications  are  intended 
primarily  for  corrosion  prevention  and  control 
on  aircraft  and  weapons  systems,  most  of  the 
information  is  also  adaptable  for  aviation  sup- 
port equipment. 

1.  Aircraft  Maintenance  Cleaning  Manual, 
NavWepsOI-lA-506. 

2.  Corrosion  Control  for  Aircraft,  NavWeps 
Ol-I  A-509. 

3.  Corrosion  Preventive  Compounds  for  Pro- 
tection of  Naval  Weapons  Systems,  NavWeps 
OI-lA-518, 

4.  Chart-Chemical  Materials  for  Naval  Wea- 
pons Systems-Maintenance  and  Overhaul  Opera- 
tions, NavWeps  07-1-503. 

5.  Toxicity,  Flashpoint  Flammability  of 
Chemicals,  NavWeps  07-1-505. 

6.  Preservation  of  Naval  Aircraft,  NavWeps 
l5-Ol-50a. 


SAFETY 

Safety  must  be  strongly  stressed  in  the  stow- 
ing, handling,  and  using  of  chemicals  in  cor- 
rosion prevention  and  control.  Some  of  these 
chemicals  are  very  toxic  and  highly  flammable. 
Injury  and  death  to  personnel  and  damage  and 
destruction  to  buildings  and  equipment  will 
result  if  these  chemicals  are  not  used  properly. 
Before  attempting  to  use  the  cleaning  materials, 
you  should  become  thoroughly  familiar  with 
ihem.  Check  the  appropriate  manuals  and  other 
written  materials  for  this  information  and,  if 
there  are  any  questions,  discuss  them  with  the 
supervising  petty  officer., 
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Ohm's  Law  for  D«C  Circuits 
I  ^  /P 


Capacitors  in  Series 
Two  capacitors 


R  = 


I 


E  -  IR  =  y    =  y/PR 


P  =  EI  =  ^  =  I"R 


Rebistors  in  Series 


R,j,  =  R|  +  R^  + 


Resistors  in  Parallel 
Two  resistors 


More  than  two 

^T     ^1  ^3 
RL  Circuit  Tinne  Constant 


L  (in  henrys)  ^  ^  seconds), 
R  (  in  ohms)         *  '* 


or 


L  (in  microhenrys)     *  /•       •  j  * 

—  ToT' — 11:  \      ^  ^  microseconds) 

R  (in  ohms)  ' 

RC  Circuit  Time  Constant 

R  (ohms)  X  C  (farads)  =  t  (seconds) 

R  (megohms)  x  C  (microfarads)  =  t  (seconds) 

R  (ohms)  X  C  (microfarads) 
=  t  (microseconds) 

R  (megohms)  x  C  (micromicorfarads) 
=  t  (microseconds) 


More  than  two 


1 


S     ^1     ^2  ^3 


Capacitors  in  Parallel:  Cj,  ~       ^  ^ 


Capacitive  Reactance:  X 


1 

C  "  2irfC 


Impedance  in  an  RC  Circuit  (Series) 
2 


=  >/r^T(x^ 


(No  coupling  between 
coils) 


Inductors  in  Series 


Inductors  in  Parallel 
Two  inductors 


h4 

"  "t — Tl — (No  coupling  between  coils) 
1  + 


More  than  two 


-J.  r  -L-+  ^  ^  ^  (No  coupling  bc- 

^T     ^1     ^2     ^3  tween  coils) 


Inductive  Reactance 


Q  of  a  Coil 
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Impedance  of  an  RL  Circuit  (Series) 


v'r^  +  (X, 


Impedance  with  R,  C,  and  L  in  Series 
Z 


Parallel  Circuit  Impedance 


Z  = 


^1^2 
^1^^2 


Sine-Wave  Voltage  Relationships 
Average  value 


^^^max 


0,  637E 


ave  "  max  max 
Effective  or  r.  m»  s.  value 


max 


h  llE^ 


ave 


Maximum  value 


max  '  e 

Voltage  in  an  a-c  circuit 

Current  in  an  a-c  circuit 
E  P 


I 


Z  '  E  X  P. 


Power  in  A-C  Circuit 

Apparent  power:   P  =  EI 
True  power:   P  =  EI  cos  ^  -  EI  x  P,  F. 
Power  Factor 
P 


P.  F.  = 


COS  0  = 


eT 


COS  <t> 


true  power 
apparent  power 


Transformers 

Voltage  relationship 

EN  N 

-E  =  _E  or  E  =  E  x^ 
E^  s       p  Np 

Current  relationship 
I  N. 


s  p 

Induced  voltage 

E      =  4.44  X  BAfN  x  10 
elf 


-8 


Turns  ratio 

3  S 

Secondary  current  ^ 
N 

I  =1  x«E 

s    p  fr 

Secondary  voltage 

Es  =  ^p^Tr 
^  p 

Three-Phase  Voltage  and  Current  Relationships 
With  Wye  connected  windings 

^line  =    V^{^coil)  =  1.732E 


coil 


^ine   =  ^coil 
With  delta  connected  windings 


E,.  E 
line  =  coil 


L.       =  1.7321 
line  coil 


With  wye  or  delta  connected  winding 


P  E  ..I 

coxl  =    coil  coil 


3P 


coil 


(To  convert  to  true  power  multiply  by  cos^) 
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Resonance 

At  resonance 


Resonant  frequency 

^     Zn  y/hC 
Series  resonance 

Z  (at  any  frequency)  =  R  +  ji^L  * 

Z  (at^resonance)  =  R 
Parallel  resonance 

Z  (  at  any  frequency)  =  -= —  y 

^1  ^  ^2 


Z        (at  resonance)  =  — 5 —  =  — 5 —  "  Q^t 
max  R  K  1 


A-c  plate  resistance 
A  e 

=  "a  '     (g  'constant) 
P     4  ip  g 

Grid-plate  transconductance 
d  i 


Decibels 


A  e 


p  (e^  constant) 


g 


NOTE:  Wherever  the  expression  "log"  ap- 
pears withouta  subscript  specifyingthe base,  the 
logarithmic  base  is  understood  to  be  10* 

Power  ratio 


db  =  10  log-^ 


"  CR 

Band  width 

A      fj9L  R 
^   ^  Q   **  Znh 

Tube  Characteristics 
Amplification  factor 

^  =  E.  (i  constant) 

Ae  P 
8. 


Current  and  voltage  ratio 
db-ZOlog^^ 


db  '  20 


NOTE:  When  R^  and  R^  are  equal  they  may 

be  omitted  from  the  formula*  When  reference 
level  is  one  milliwatt 

P 

dbm  =  10  log-^         (when  P  is  in  watts) 
Synchronous  Speed  of  Motor 


g  r 
*m  p 


r,  p,  m. 


120  X  frequency 
^    r  01  poles 


numbe 


Comparison  of  Units  in  Electric  and  Magnetic  Circuits 


Electric  circuit 

Magnetic  circuit 

Volt,  E,  or  e,  m.  f. 

Gilberts,  F,  or  m.  m,  f. 

Ampere,  I 

Flux,  ♦  ,  in  maxwells 

Ohms,  R 

E 

Ohm*s  law,>  I  =  ^ 

Reluctance, 

p 

Rowland* 8  law,  ♦ 

Intensity 

of  force  •  •  •  • 

Volts  per  cm*  of 
length* 

H  = 

per  centimeter  of  length 

Current  density-- 
for  example,  ^ 
amperes  per  cm* 

Flux  density«*for  example, 
lines  per  cm.  2,  or  gausses 
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— OR  — I 

GENERAL 

TAPPED 


RI 


ADJUSTABLE 
TAP 


CONTINUOUSLY 
VARIABLE 


NONLINEAR 


FIXXD        VARIABLE  TRIlflllR* 


GANGED 


L  I 

SHIKLMD 


SPLIT-STATOR 


DIFFERENTIAL 


ELECTROLYTIC 
PHASE  SlilFT 


(WHEN  CAPACITOR  ELECTRODE  IDENTIFI- 
CATION IS  NECESSARY,  THE  CURVEb  ELE« 
MENT  SHALL  REPRESENT  THE  0UTSI3E 
ELECTRODE  IN  FIXED  PAPER-DI ELECTRIC 
AND  CERAMIC-DIELECTRIC  CAPACIT3RS, 
THE  MOVING  ELEMENT  IN  VARIABLE  AND 
ADJUSTABLE  CAPACITORS,  AND  THEl  LOW 
POTENTIAL  ELEMENT  IN  FEED-THROpGH 
CAPACITORS.) 
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INDCC  I  l\  ! 


GKNIRAL 
TAPPSD 


MACNITIC 
CORK 

*  ADJUSTABLE 


ADJUSTABLE  OB 
OQMTINUOUSLY 
ADJUSTABLE 


SATURABLE-CORE  REACTOR 


(POWER  WINDINGS  ARE  DRAWN  WITH  THREE 
SCALLOPS  OR  LOOPS,  CONTROL  WINDINGS 
WITH  FIVE.    AN  INCREASE  OF  CURRENT 
ENTERING  THE  END  OF  THE  CONTROL 
WINDING  MARKED  WITH  A  DOT  CAUSES  AN 
INCREASE  IN  THE  POWER  OUTPUT.) 

TRANSFOftllBRS' 


GENERAL 


AUTOTRANSFMIOtR 


MAGNETIC  C<mB 
TRANSFORMER 


WITH  TAPS. 
SINGLE  <-PHASS 


(A  DOT.  REPRESENTING  INSTANTANEOUS 
POLARITY,  MAY  BE  PLACED  NEAR  ONE  END 
OF  EACH  COIL  OR  WINDING  SYMBOL.) 
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AT  OK  [u\\]V 

H 

L 

OR 


O 


MAY  HAVE  APPLICABLE  IDENTIFICATION 
FOR  CIRCUIT  USAGE  OR  COLOR. 


i 


OMMIIIB  MOT 
CUMmCTlU 


SPLICE 


JUIVCTIOM  OONMICTID 


-M- 


TVISTID  MIR 


SHIELDED 


))})L^  JJJJJ 
c£  <»o- 


1 1 1 11 


on 


CROUPINC  LEADS.— (BEND  IN  LINE  INDCIATES 
WHERE  OTHER  END  OF  LEAD  CAN  BE  FOUND.) 


TEHMUt 

(PIN  COinACT)      (SOaUTT  COHTACT) 


KNCAGB) 
(PIM-TO-SOCKKT) 


A 

B 

C 

OR 


CONNECTOR  ASSEMBLY  (GENERAL) 


GROUND  ^ 
CHASSIS  COimiCTION 


OR 


<7 


(TBI  CHASSIS  OR 
PRAKK  IS  MOT 
NICISSAIILY  AT 

GROimo  pomrrxAL.) 


CONTACTS 
NORHAL  MOMENTARY 


OPEN  COHTACT  (MAKE^   CLOSED  CONTACT  (BRF^)  TRANSFER 

± 


on 

OR 


OR 


-L 

X 


OR 


r 

OR 
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TIME  CLOSING  (TC)  OR  TIME-DELAY  CLOSING 
(TDC) 


T 

OR 

1 

T 


TC 


TDC 


MAKE-BEFORE-BREAK 


FTi 


TIME  SEQUENTIAL  CLOSING 
OR 

in-. 


PUSHBUTTON,  MOMENTARY  OR  SPRING- 
RETURN 


O  0 

CIRCUIT  CLOSING  (MAKE) 
Q  lo 

CIRCUIT  OPENING  (BRP^) 
O  O 

TWO-CIRCUIT,  MAINTAINED  OR  NOT 
SPRING-RETURN 


5|5  OjO 


jSELECTOR  OR  MULTIPOSITION  SWITCHI 


OR 


o  o 


THE  POSITION  IN  WHICH  THE  SWITCH  IS 
SHOWN  MAY  BE  INDICATED  BY  A  NOTE  OR 
DESIGNATION  OF  SWITCH  POSITION. 

BREAK-BEFORE-MAKE,  NONSHORTING 
iNONBRIDGING)  DURING  CONTACT  TRANSFER 


O 
OR 


o  o  o 


MAKE-BEFORE -BREAK,  SHORTING 
(BRIDGING)  DURING  CONTACT  TRANSFER 


O 
OR 


^^Po  O  O 

SEGMENTAL  CONTACT 

o  o  o  o 

i  \ 

OR 

p  q  O  O  O  O  O  p  Q  <^ 

22-POINT  SELECTOR  SWITCH 
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\ 


THERMOSTAT 


ROTARY  (SECTION-,  DECK-,  OR 
WAFER-TYPE)  SWITCH. 

VIEWED  FROM  END  OPPOSITE  CONTROL  KNOB 
OR  ACTUATOR  UNLESS  OTHERWISE  INDICATED. 
FOR.  HORE  THAN  ONE  SECTION,  THE  FIRST  SEC- 
TICW  IS  THE  ONE  NEAREST  CONTROL  KNOB  OR  AC- 
TUATOR.   WHEN  CONTACTS  ARE  ON  BOTH  SIDES, 
FRONT  CONTACTS  ARE  NEAREST  CONTROL  KNOB. 


t  ^ 

OK 


TRANSFER,  WITH  INTENDED  CENTRAL- 
OFF  (NEUTRAL)  POSITION 


I.- 


(THE  I'  SYMBOL  WILL  BE  SHOWN  OR 
BE  REPLACED  BY  DATA  GIVING  THE  NOMINAL 
OR  SPECIFIC  OPERATING  TEMPERATURE  OF  THE 
DEVICE.) 

IF  CLARIFICATION  OF  DIRECTION  OF 
CONTACT  OPERATION  IS  NEEDED,  A  DIRECTIONAL 
ARROW  MAY  BE  ADDED.    THE  ARROWHEAD  WILL 
POINT  IN  THE  DIRECTION  OF  RISING  TEMPER- 
ATURE OPERATION.    A  DIRECTIONAL  ARROW  WILL 
ALWAYS  BE  SHOWN  FOR  CENTRAL-OFF  (NEUTRAL) 
POSITION  DEVICES.) 

FLASHER 

SELF-INTERRUPTING  SWITCH 


TEMPERATURE-ACTUAT*::!]?  SWITCH 
CLOSES  ON  RISING  TEMPERATURE 


OR 


OPENS  ON  RISING  TEMPERATURE 


T 


OK 


LIMIT  SWITCH,  DIRECTLY  ACTUATED, 
SPRING  RETURNED 

NORMALLY  OPEN 


NORMALLY  OPEN-HELD  CLOSED 
NORMALLY  CLOSED 

NORMALLY  CLOSED-HELD  OPEN 


501 


AVIATION  SUPPORT  EQUIPMENT  TECHNICIAN  E  3  &  2 


HA  I  rf  m\  s 


ONB  CILL   MULTICXLL  TAPPZD 
  MULTICXLL 

(LOMG  LINS  IS  ALVAYS  POSITIVI) 


(  1H(  \  IT   PIK)I>  (  M)HS 


ANODE  CATHODE 


CIRCUIT  BREAKERS 


SWITCH 


GANGED 


PUSH  PULl  OR  PUSH 


THSRMAL  REUY  WITH 
KORMALLT  CLOSED 
COKTACT. 


ELECTRON  FLOW  IS  AGAINST  THE  ARROW. 


UNIDIRECTIONAL  DIODE; 
VOLTAGE  REGULATOR 


BIDIRECTIONAL  DIOl 


® 


OR 


rUSHER;  niERMAt  CUTOUT 


THERMISTOR 


WITH  INTEGRAL 
BEATING  ELEMENT 


TEMPERATURE-MEAS  -RING  THERMOCOUPLE 
(0I88IMILAR  METAL  DEVICE) 


TRANSISTORS 
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Appendix  II    ELECTRICAL  AND  ELECTRONIC  SYMBOLS 


U(  )  !  A  1  \\(,  MACHIN}  S 


^UOT^  IGKN] 
IfOraa  GJCNXRAltHl 


TYPB8  OF  WINDIlfGS 


SIPARATKLY 
nCITSD 


WXMDIMG  SYMBOLS 


o 


SIMGLS-^raASX 


® 


TORXE-PHASK 


CLUTCH/BRAKE 


-0r 


SHUKT 

O  0 

DYNAMOTOR 


0 


TWO-  PHASt 


© 


THRXR-PHASX 
(DSLTA) 


ENGAGED 


A  AMMETER 

AH  AMPERE-HOUR  METER 

CRO  OSCILLOSCOPE 

DB  DB  (DECIBEL)  METER 

AUDIO  LEVEL/METER 

DBM  DBM  (DECIBELS  REFERRED  TO 

1  MILLIWATT)  METER 

F  FRFQUENCY  METER 
VjA  or 

UA  MICROAMMETER 

MA  MILLIAMMETER 

OHM  OHMMETER 

i'F  POWER  FACTOR  METER 

PH  PHASEMETER 

PI  POSITION  INDICATOR 

REC  RECORDING  METER 

SY  SYNCHROSCOPE 

V  TEMPERATURE  METER 
TT  TOTAL  TIME  METER 

ELAPSED  TIME  METER 

V  VOLTMETER 

VA  VOLT-AMMETER 

VAR  VARMETER 

W  WATTMETER. 

WH  WATlriOUR  METER 


DISENGAGED 


ERIC 
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INDEX 


A 


Absorption,  66-67 
Acceleration,  50 
Adhesion,  56 

Advantage,  mechanical,  62-63 

Air  compressors,  133-134 

Air  conditioner,  mobile,  134-135 

operation,  461-466 

maintenance,  466-472 

safety,  466-471 

servicing,  471-472 

systems: 

airflow,  466 

electrical/ refrigerant,  461-466 
troubleshooting,  466,  467-471 
Aircraft: 

Intermediate  Maintenance  Department 
(AIMD),2 

jacks,  145*147 

tow  bars,  147-148 
Alternator,  244-246 
Ammeter,  199-201,  321 
Analyzer: 

,    gas  turbine  engine,  225-226 
ignition,^  ^19 

universal  engine,  219-221 
Antifreeze,  154 
Approach,  46 
Armature,  243,  244 
Automatic  transmission  f)uid,  154 
Automotive  lighting,  309-^16 

B 

Battery: 

charging,  237-239 
'   construction,  232-*  236 
maintenance*  241 
operating,  236 
ratin^j,  236-237 
self-discharge,  239 
testing,  241 


Bearings,  168 

Bibliography  for  Advancement  Study,  NAVEDTRA 
10052  (Series),  7 
Bonding,  342 
Bourdon  tube,  326 
Boyle's  law,  58 
Brake  fluid,  154 

Breaker  points,  294-295,  296,  301,  304 
Brushes,  167 
Bushings,  168 
Butane,  152 

C 

C-25  mobile  crane,  130 
Cam,  breaker,  295 
Capacitor,  295,  342 

Celsius,  68-69  | 

Center  of  gravity,  59 

Charles*  law,  58 

Checks  final,  165 

Chocks,  universal  wheel,  148 

Circuit; 

breakers,  170 

llmiter,  170 

printer,  l9l 

protector: 
ac,  421-426 
dc,  394-402 
Clamps,  90,  94-95 
Cleaners,  steam,  143 
Clutch,  overrunning,  277 
Codes,  12-14 
Cohesion,  56 
Coil: 

armature,  243 

ignition,  294 
Commutators,  166-167 
Compound,  64-55,  97 
Compressors,  air,  133-134 
Condensor,  304 
Conduction,  65 
Connectors,  180,  184 
Conservation,  law  of,  48 
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ERIC 
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Convection,  66 
Coolants,  154 
Core,  armature,  243 
Corrective  maintenance,  164-165 

Corrosion: 

causes,  474-476 
cleaning,  480-484 
concentration  cell,  477 
fatigue,  478 
filiform,  478 
fretting,  477-478 
galvanic,  476 
intergranular,  477 
microbiological,  478 
pitting,  476 

preservation  against,  486-489 
prevention,  479-480,  484-486 
recognition  of,  476-478 
removal,  490-492 
stress,  478 
types, 476-478 

Cranes,  mobile,  128-130 

Crash  dollies,  143 

Defrosters,  338 
Density,  5i 

Diagrams: 
blocks.  111 
isometric.  111 
pictorial,  111 
schematic,  109 
wiring,  109 

Diesel  fuel,  152 

Diffusion,  heat,  75-76 

Directives,  43-45 

Distributor,  295,  302-307 

Dollies,  crash,  143 

Dolly,  aircraft  spotting,  126-128 

Drawings: 

arthographic,  107-109 

pictorial,  106-107 
Drive,  Bendix,  276-277 
Drivehead,  gear  reduction^  2t7-280 
Drives,  starting  motor,  276-280 
Dry  honing  machine,  143-1^4 
Dwell,  304 

E 

E-APU,  334-345 
Efficiency,  61-62 
Elasticity,  56 

ERIC 


Electrical  wire: 
bonding,  189-190 
grounding,  189-190 
shielding,  189 
tying,  186-188 

Electrolyte,  236 
Electrons,  53-54 
Element,  53-54 
Energy,  48,  52-53 

Engines,  gas  turbine'; 
adjustment,  444 
accessory,  430 
airflow,  432-433 
cleaning,  442 
compressor,  430 
electrical,  436-440 
fuel  and  bleed-air  control,  434-435 
inspection,  440-441 
lubrication,  435-436 
maintenance,  441-444 
operation,  440-441 
shutdown,  441 
starting,  441 

trailer,  removal/installation,  141*148 
troubleshooting,  441-442,  443 
turbine,  430-432 
Expansion,  thermal,  70-72 

f 

Fahrenheit,  68 
Fasteners,  metal,  97-100 
Filters,  342 
Fluids,  153-154 
Fluxes,  96 
Force,  52 

Forklift  trucks,  131 
Frequencies,  spund,  77 
Friction,  62 
Fuels,  151-152 
Fuses,  168-170 
Fusion,  heat  of,  72' 

G 

Gage: 

air  pressure,  327 

fuel,  324-326 

oil  pressure,  326 

temperature,  327 
Gas  turbine  power  units,  139 
Gases,  57-59 
Gaskets,  102-103 
Gasoline,  151-152 
General  Order  No.  2l,  2 
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Generator: 

ac,  244-246,  251-256,  271-275,  408-414 
check,  266-276 

dc,  243-244,  249-251,  266-271,  378-384 

motor  assemblies,  135-139 

regulator,  247-248 

repair,  166-168,  266-276 

waterproof,  246-247 
Governors,  MEPP,  precautions: 

electrical  safety,  428 

high-voltage,  428-429 

low- voltage,  429 
Gravity,  51,  59 
Greases,  153 

Ground  support  equipment  jacks,  147 
GSE: 

codes, 12 

data  cards,  14 

■It 

H 

Hardware,  9l-93 
Heat,  64-73 
Heaters,  337-338 
Horns,  334-335 
Horsepower,  61 
Hourmeter,  322-323 
Hydraulic: 

fluid,  154 

test  stands,  131 
Hydrometer,  236,  237 

I 

Identification: 

fluid  lines,  119-121 

wire  and  cable,.  112-119 
Ignition  systems: 

battery,  294-298 

coil,  300-301 

magneto,  298-300 

maintenance,  300-308 

waterproof,  308-309 
Illustrated  Parts  Breakdown,  39 
Index: 

Naval  Aeronautical  Publication,  26-36 

numerical,  27 
Inertia,  50 
Inspections,  157-158 
Instnictions: 

and  Notices,  45 

Operation  and  Service,  37-38 

Overhaul,  38-39 

Repair,  38-39 
Intensity,  sound,  78 
Ion,  55 


ERJC 


J 


Jacks: 

aircraft,  145-147 

ground  support  equipment,  147 
Jet  propulsion  fuel  (JP),  152 
Jigs,  90 

L 

Lacing,  186-188 
Law: 

Boyle's,  58 

Charles'.  58 
Leadership,  2-4 
Light,  73-76 
Lights,  automotive: 

backup,  311 

blackout,  311 

fuses,  313-316 

generator,  334 

head,  309-310 

instrument,  311 

miscellaneous,  310-313 

oil  pressure,  334 

parking,  311 

relays,  313 

spot,  311 

stop,  311 

switches,  311 

tail,  311 

temperature,  333-334 
Liquids,  56-57 
Lists: 

Aircraft  Application,  31-32 
Allowance,  28,  36 

Application  Data  Material  Readiness 
(ADMRL),  37 

Directives  Application,  32 

Equipment  Applicability,  27-31 

Initial  Material  Readiness  (IMRL),  37  - 

Initial  Outfitting,  36 

Numerical  Sequence,  33 

Updating  the,  32-33 
Loader,  Aero  47A  Weapons,  128 
Lubricants,  152-153,  488-489 
Lugs,  terminal,  96-97 

M 

Machine,  dry  honing,  143-144 
Magnitude,  47-48 
Maintenance,  157-165 

Action  Form  (MAF),  l63 

Requirements  Cards  (MRC),  160-163 


INDEX 


Manual  of  Qualifications  for  Advancement, 

NAVPERS  18068  (Series),  1,  4-5 
Manuals,  33-39 
Materials,  consumable,  91-93 
Matter,  48 

M8-IA  mobile  crane,  130 
MD-3  tow  tractor,  123-124 
Measurement,  47-48,  49 
^^egger,  208-209 

Meter: 

frequency,  321-322 
start  counter,  323-324 

Mixture,  55 
MMG-2,  369-372 

Mobile,  air  conditioners,  134-135 
Momentum,  61 
Motion,  50,  59-61 

Motor: 

generator  assemUies,  135-139 
repair,  166-168 
starting,  276-280 

Mounts,  shock,  94 
Mover,  prime,  378 
Multimeter,  204-205 
Murphy*s  law,  197-198 


N 

Naval: 

Aeronautical  Publications  Index,  26-36 
Aircraft  Maintenance  Program  (NAMP),  lO 
Aviation  News,  45 

NAVSUP  Publication  2002,  27 
Navy  Leadership  Program,  2 
NC-2A,  345-355 
NC-7C,  355-357 
NC-8A,  357-360 
NC-lOB,  360-364 
NC-12A,  364 
Neutrons,  53-54 

Nitrogen  servicing  unit  (trailer  mounted),  140-141 

Noises: 

body,  341-342 
generator,  341 
ignition,  340-341 
suppression,  342-343 

Nonresident  Career  Courses,  8 
Notices,  45 

Not  Operationally  Ready  (NOR),  11-12,  16-20 
NS-60  mobile  crane,  128-129 
Nucleus,  53-54 
Numerical  Index,  27 


O 


Ohmmeter,  204 
Oil: 

lubricating,  preservative,  485-486 
petroleum- base  lubricating,  484-485 
preservative,  hydraulic  equipment,  485 
pressure  gage,  326 
Oils,  153 

P 

P-38  airfield  maintenance  trucks,  131 

Packings,  101-102 

Painting,  489 

Paths  of  Advancement,  3 

Personnel  Qualifications  Standards,  5-6 

Pitch,  sound,  78 

Platforms,  maintenance,  144-145 

Plugs,  spark,  296,  307-308 

Points,  breaker,  294-295,  296,  301,  304 

Polarizir^,  270-271 

Power  systems: 

delta,  426-427 

grounded,  427-428 

open-delta,  426-427 

ungrounded,  428 

wye, 426-427 
Power  units,  gas  turbine,  139 
Powerplants,  mobile  electric,  (MEPP),  130-131, 
344-367 

Precautions,  MEPP  governors,  428-429 
Preservation/depreservation  trailer,  140 
Pressure,  52 

Preventive  maintenance,  157-163 
Prime  mover,  378 
Printed  circuits,  191-196 
Propane,  152 
Protons,  53-54 

O 

Quality,  sound,  78 

R 

Radiation,  66 

Rapid  Action  Change  (RAC),  42-43 
Rate  Training  Manuals,  7-8 
RCPT-105,  364-367 

Record  of  Practical  Factors,  NAVEDTRA 141 4/l,  ^ 
6-7 

Rectifiers,  246  ^ 
Reflection,  heat,  74-75 
Refrigerants,  446-448 
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Refrigeration: 

compressor,  449-450 
condenser,  450-451 
controls,  circuit,  459-460 
cutouts,  460 
cycle,  448-460 
dehydrator,  458 
evaporator,  455 
exchanger,  heat,  457-458 
plug,  fusible,  460 
pressure  switch,  duct  air,  460 
receiver,  451-453 
sight  glass,  456-457 
thermostat,  458 
valve; 

expansion,  453-455 

receiver,  456-457 

service^  455 

solenoid,  459 
vibration  eliminators,  456 

Regulators: 

check,  260-266 
current,  250 
generator: 

ac,  251-256 

dc,  249-251 
voltage: 

ac,  414-421 

dc,  250,  385-39'^. 

Relays,  176-179 

Reporting: 
NOR,  16-20 
requirement  codes,  14 

Revolting  bodiec,  63-64 
RX-400,  372-377 

S 

Safety: 

around  ground  support  equipment,  149 
automotive  electrical,  317-320 
general,  103 
handtools,  103 

portable  power  tools,  104-105 
wiring,  190-191 

Screws,  Torq-Set,  93 
Seals,  100-103 

Security  of  classified  publications,  35 

Shielding,  342-343 

Signals,  directional,  338 

Sleeving,  insulating,  97 

Sllprlngs,  166 , 

Solder,  9S 


Soldering,  196 
Solenoids,  175-176,  280-281 
Solids,  56 
Sound,  76-78 

Spark  plugs,  296,  307-308 
Specific: 

gravity ^:6l,  236 

heat,  67 
Speedometer,  328-333 
Stands,  hydraulic  test,  131 
Starters: 

controls,  280-283 

maintenance  and  repair,  285-292 

motors,  276-280 

waterproof,  292 
Stator,  245 
Status  codes,  12-13 
Straps,  bonding,  93-94  - 
Strength,  tensile,  56 
Sulfuric  acid,  233,  236 
Switches,  172-175 

System,  publication  numbering,  33-35 


T 

TA-18  tow  tractor,  125-126 
TA-75  tow  tractor,  124-125 
Tachometer,  328-333 
Technical: 

Data  System,  31 

Directive  System,  43 
Temperature  conversion,  68-69 
Terminology,  air  conditioning,  445-446 
Test  equipment: 

calibration,  226-229 

handling,  229 

repair,  229-231 
Testers: 

battery,  217 

capacitor,  2l8 

distributor,  218-219 

electron  tube,  2i5 

generator-alternator,  221 

ignition  coil,  2l8 

starter,  2i7 

transistor,  215-217 
Testing: 

continuity,  210 

current,  213-215 

for  shorts,  211-21 2 

grounded  circuit,  211 

performance,  165 

resistance,  2i2 

safety,  210-211 

voltage,  212 
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Tests,  regulators: 
current^  262 

reverse  current  relay,  260 

voltage,  261-262 
Thermal: 

capacity,  67 

expansion,  70  -72 
Thermocouple,  70 
Thermometers,  69'- 70 
Tiedown,  universal  chain,  148-149 
Timing  advance,  295 
Toolboxes,  90-91 
Toolrooms,  90r9l 
Tools: 

common  handtools,  79, 103 
safoty,  103-105 
special: 
brush: 

contouring,  88-90 
spring  compressor,  85 
crimping,  81-82 
insulated,  80 
pliers: 

di^onal,  83*85 
safety  wire,  82-83 
relay,  80-81 
soldering,  85*88 
stripper,  wire  and  cable,  80-81 
work  center,  90-91 
Torque,  93 

Tow  bars,  aircraft,  147-148 
Tractors,  tow,  l22-i26 
Trailers,  139-142 
Transaction  codes,  13-14 
Troubleshooting,  164-165 
Trucks: 

airfield  maintenance,  38,  131 

forklift,  131 


Tube,  l^ourdon,  326 
Turn  signals,  338 
Tying  wire,  186-188 

U 

Universal: 

chain  tiedown,  148-149 
^^eel  chocks,  148 

V 

Vaporization,  heat  of,  72-73 
Vendor,  30 

Voltage  regulator: 

ac,  415-421 

dc,  385-394 
Voltmeter,  201-202,  205-208 


W 

Weight,  50-51 

Wipers: 

contacts,  166 
windshield,  337 

Wire: 

conductors,  95 
safety,  93 

Wiring: 

automotive,  316-317 
safety,  190-191 

Workstands,  144-145 

X 

X-rays,  66 
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